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LECTURE  I. 

With  the  concurrence  of  the  Council  of  your  Society,  I  have 
undertaken  to  deliver  three  lectures  on  the  Phenomena  of  Pola- 
rized Light.  I  have  done  so,  because  I  believe  that  their 
singularity,  variety,  splendor,  and  useful  applicability  will  create 
great  and  universal  interest  in  the  minds  of  my  auditors,  what- 
ever be  their  pursuits,  occupations,  or  acquirements. 

I  am  acquainted  with  no  branch  of  experimental  philosophy 
capable  of  presenting  such  brilliant  and  gorgeous  phenomena, 
and  which  are  so  well  adapted  for  illustration  in  the  lecture-room, 
as  polarized  light.  In  its  power  of  unfolding  to  our  view  the 
intimate  structure  and  constitution  of  natural  bodies,  it  certainly 
has  no  superior,  if  indeed  it  have  any  equal.  It  furnishes  us 
with  characters  for  recognizing  and  distinguishing  many  bodies, 
and  it  gives  us  the  means  of  determining  the  nature  of  the 
changes  going  on  in  some  of  the  recondite  operations  of  nature. 
It  is  a  subject  whose  phenomena  are  so  complicated  and  intricate, 
that  it  not  only  admits  of,  but  actually  requires,  the  highest 
departments  of  mathematics  to  elucidate  them ;  and  it  is,  therefore, 
very  properly  placed  in  the  very  first  rank  of  the  physico-mathe- 
matical  sciences. 

But  in  all  societies  and  associations,  the  lovers  of  knowledge 
are  of  two  kinds,  philosophers  and  utilitarians.  The  first  pursue 
science  for  its  own  sake,  the  second  for  its  usefulness.  With  the 
latter  every  step  they  take  in  the  acquirement  of  knowledge  is 
accompanied  with  the  question  "  cui  bono?^'  With  such,  all 
scientific  researches  which  have  no  immediately  practical  bearing, 
which,  according  to  their  narrow  views,  cannot  be  at  once  shown 
to  be  useful,  are  neglected,  perhaps  even  sneered  at.  Though 
with  such  I  profess  to  hold  no  community  of  feeling ;  yet  as  I 
am  desirous  of  combining  in  these  lectures,  the  utile  with  the 
dulce,  I  think  I  can  venture  to  hold  out  to  them  ample  remune- 
ration for  the  time  they  may  devote  to  the  study  of  polarized 
light,  by  attending  these  lectures. 


2 


ON  THE  POLARIZATION  OF  LIGHT. 


If  I  can  show  them  that  this  agent  furnishes  us  with  a  more 
intimate  knowledge  of  the  nature  and  properties  of  those  sub- 
stances, by  the  commerce  in  which  most  of  the  Members  of  this 
Society  gain  their  bread  ;  if  I  can  demonstrate  its  applicability 
to  the  detection  of  adulteration  of  foods,  drugs,  and  chemicals  ; 
if  I  can*point  out  its  application  to  the  determination  of  the 
commercial  value  of  saccharine  juices ;  if  I  show  how  it  has 
been  applied  to  determine  the  nature  of  the  changes  which  occur 
in  certain  chemical  and  vital  processes,  in  which  ordinary  che- 
mical analysis  completely  fails  us;  if  I  prove  that  it  may  aid 
members  of  my  own  profession  in  detecting  the  existence  of 
certain  diseases  ;  and,  lastly,  if  we  show  the  possibility  of  its  use 
to  the  mariner  in  aiding  him,  under  certain  circumstances,  to 
avoid  shoals  and  rocks — I  trust  even  the  utilitarians  will  admit 
that  the  study  of  polarized  light  is  both  advantageous  and  pro- 
fitable, and  that  the  time  of  this  Society  has  not  been  unprofitably 
occupied  by  these  lectures. 

Tliese  are  only  a  portion  of  the  valuable  and  practical  uses  of 
which  polarized  light  is  susceptible.  Its  phenomena  are  so  in- 
tricate, and  at  present  so  little  understood  by  the  public,  that  a 
very  large  number  of  persons,  who  might  otherwise  perhaps 
beneficially  avail  themselves  of  its  services,  are  ignorant  alike  of 
its  powers  and  of  its  uses.  We  may,  therefore,  hope  that  when 
it  becomes  better  known  it  will  be  found  more  extensively  useful. 

Common  and  polarized  light  agree  in  several  of  their  leading 
properties,  and  though  these  lectures  are  intended  to  illustrate 
the  peculiarities  of  polarized  light,  yet  before  we  can  prove  what 
is  peculiar  to  the  one,  we  must  be  acquainted  with  the  general 
properties  of  the  other,  and  thus,  I  conceive,  I  must  introduce 
polarized  light  to  your  notice,  by  a  ■preliminary  general  view  of 
the  physical  properties  of  light. 

Moreover,  the  phenomena  of  polarized  light  are  so  numerous, 
various,  and  intricate,  that  the  student  is  very  apt  to  become 
bewildered  with  an  immense  multitude  of  facts,  and  to  forget,  if 
indeed  he  ever  knew,  the  conditions  which  are  requisite  for  the 
production  of  each  phenomenon.  Hence,  then,  it  becomes  desi- 
rable that  we  should  give  him  some  artificial  aid  to  assist  in  the 
conception  of  facts,  and  the  modes  of  observing  them ;  as  well 
as  to  show  him  how  these  manifold  phenomena  are  mutually 
connected  and  dependent.  We  require  in  fact  some  means  of 
generalization.  Such  will  be  found,  I  think,  in  the  undulatory 
hypothesis  of  light. 

.  1  propose, therefore,  to  occupy  this  lecture  with  a  brief  statement 
and  demonstration  of  the  properties  of  light,  and  to  take  a  hasty 
glance  at  the  hypothesis  of  waves  or  undulations ;  so  that  I 
trust  you  will  leave  this  room  to-night  with  some  general  notions 
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of  the  possible  physical  causes  of  common  and  polarized  light, 
and  almost  anticipate  some  of  the  statements  which  I  shall  have 
to  make  in  the  next  lecture. 

1.  GENERAL  STATEMENT  OF  THE  PHYSICAL  PROPERTIES  OF  LIGHT. 

1 .  Propagation  of  Light. — Light  emanates  from  luminous  bodies 
with  the  enormous  rapidity  of  above  190,000  miles  per  second. 
This  has  been  ascertained  in  two  ways ;  first,  by  observation  of 
the  times  at  which  the  eclipses  of  the  satellites  of  Jupiter  are 
perceived  by  us  at  different  seasons,  according  to  the  part  of  its 
orbit  which  the  earth  happens  to  be  in ;  and,  secondly,  by  the 
phenomenon  called  the  aberration  of  the  fixed  stars.  The'  first 
method  gives  192,500 — the  second,  191,515 — miles  per  second. 

2.  Variation  of  Intensity. — The  intensity  of  light  decreases  as 
the  square  of  the  distance  increases.  At  twice  the  distance,  it 
has  only  |  of  the  intensity,  at  thrice  the  distance  ^  the  intensity, 
at  four  times  the  distance  ^g-  of  the  intensity,  and  so  on. 

The  reason  of  this  is,  that  being  highly  expansile,  it  illumi- 
nates four  times  the  space  at  twice  the  distance,  nine  times  at 
thrice,  and  sixteen  times  at  four  times  the  distance  ;  hence,  its 
intensity  must  be  inversely  as  the  square  of  the  distance. 

The  law  is  aptly  illustrated  by  a  quadrangular  pyramid  of 
wood,  divided  horizontally  at  equal  distances,  into  four  parts  or 
segments  of  equal  height.  The  upper  segment  has  a  square 
base,  whose  area  we  shall  call  1.  The  second  segment  has  also 
a  square  base,  but  its  area  is  4.  The  area  of  the  square  base  of 
the  third  segment  is  9,  and  that  of  the  lowest  or  fourth  segment, 
16.  Here  the  distances  of  the  bases  of  the  segments  from  the 
apex  of  the  pyramid,  are  as  1,  2,  3,  4,  while  the  areas  of  these 
bases  are  as  1,  4,  9,  16. 

The  readiest  demonstration  of  the  law  for  the  lecture-room,  is 
the  following : — Let  the  light  from  a  lantern  pass  out  through  a 
square  aperture,  and  be  received  on  a  semi-transparent  screen, 
on  which  square  spaces  are  marked.  Notice  at  what  distance 
the  beam  of  light  illuminates  one  of  these  squares.  At  double  the 
distance,  it  will  illuminate  4,  at  treble  9,  at  quadruple  16  squares. 

In  Photometry,  we  avail  ourselves  of  this  law.  If  two  lumi- 
nous bodies,  at  unequal  distances,  produce  the  same  amount  of 
illumination,  the  relative  quantities  of  light  evolved  by  these 
bodies,  are  as  the  squares  of  the  distances.  Thus,  if  a  lamp,  at 
four  feet  distance,  give  as  much  light  as  a  candle  at  one  foot,  the 
lamp  actually  evolves  1 6  times  as  much  light  as  the  candle.  Count 
Rumford's  photometrical  process  of  observing  at  what  distances 
two  lights  gave  two  shadows  of  equal  intensities,  as  well  as  the 
photometers  of  the  late  Mr.  Ritchie  and  of  Professor  Wheatstone, 
are  on  this  principle.    But  all  these  modes  of  measuring  light 
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are  objectionable,  since  they  are  based  on  the  imperfect  and 
varying  judgment  of  the  eye. 

Professor  Wheatstone's  recently-constructed  photometer  is  a 
very  ingenious  contrivance.    It  is  a  cylindrical  box,  of  about 

two  inches  diameter,  and  one 
inch  in  depth,  and  which  con- 
tains a  system  of  two  wheels 
and  pinions.  On  the  face  of  the 
box,  and  near  to  its  external 
border,  is  a  circle  of  cogs.  In 
the  centre  of  the  face  is  an  axis, 
to  which  is  attached  an  hori- 
zontal arm,  carrying  a  toothed 
wheel  or  disk,  the  teeth  of  which 
fit  into  the  cogs  of  the  outer  cir- 
cle. This  wheel  has  a  double 
motion,  it  rotates  on  its  own 
axis,  and  also  revolves  within  the  cogged  circle.  To  this  disk 
is  attached  a  small,  hollow,  glass  bead,  silvered  internally, 
and  which  moves  with  great  rapidity  backwards  and  forwards 
across  the  face  of  the  cylinder.  The  motion  is  communicated 
by  turning  the  handle  on  the  opposite  face  of  the  box.  If  this 
photometer  be  placed  between  two  lights,  and  the  bead  put  in 
rapid  motion,  we  observe  two  parallel  luminous  lines,  about  the 
-^^  of  an  inch  apart.  By  adjusting  the  relative  distances  of  the 
two  lights  from  the  photometer,  so  that  the  brightness  of  the  lumi- 
nous lines  may  be  equalized  as  determined  by  the  eye,  and  then 
squaring  the  distances,  their  comparative  intensity  may  be  ascer- 
tained*. 

3.  Transparency  and  Opacity. — Some  bodies  allow  light  to 
penetrate  them,  as  air,  water,  glass,  crystal,  &c.  These  are 
called  transparent  bodies.  Others,  however,  refuse  to  give 
passage  to  light,  as  the  metals.  The  latter  are  termed  opake 
bodies.  But  some  substances,  which  in  the  mass  are  opake, 
become  transparent  when  reduced  to  thin  films.  Gold  is  an 
instance  of  this :  in  the  lump  it  is  opake,  but  as  gold  leaf  it 
allows  light  to  traverse  it. 

4.  Reflection. — When  a  beam  of  light  falls  on  a  smooth- 
polished  surface,  a  portion  of  it  is  reflected.  The  incident  and 
the  reflected  ray  make  each  the  same  angle  with  the  reflecting 
surface,  hence  the  law  of  reflection  is,  that  the  angles  of  inci- 
dence and  reflexion  are  equal  This  law  holds  good  under  all 
circumstances,  whether  the  reflector  be  plain  or  curved. 

A  polished  metallic  plate  as  a  speculum  is  a  good  reflector. 
Glass,  being  transparent,  reflects  both  from  its  anterior  and 

*  This  instrument  is  made  by  Messrs.  Watkins  and  Hill,  of  Charing 
Cross. 
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posterior  surface.  Hence  in  some  optical  experiments,  where  it 
is  desirable  to  avoid  the  confusion  from  a  double  reflexion,  the 
posterior  surface  of  the  glass  is  either  ground,  or  blackened  by 
means  of  soot,  candle-smoke,  or  size  and  lamp-black.  This 
proceeding  is  especially  desirable  in  experiments  on  polarized 
light.  Silvered  glass,  that  is,  glass  covered  on  the  posterior 
surface  by  an  amalgam  of  tin,  as  the  common  looking-glass,  is 
not  adapted  for  accurate  optical  experiments,  on  account  of  the 
reflection  from  the  metal  as  well  as  from  the  glass. 

5.  Refraction. — When  a  ray  of  light  passes  obliquely  out  of 
one  medium  into  another  of  a  different  density  or  combustibility, 
it  changes  its  direction,  or  is  bent  out  of  its  course ;  in  optical 
language  it  is  refracted.  If  the  second  medium  be  denser,  or 
more  combustible  than  the  first,  the  refraction  is  towards  the 
perpendicular ;  but  if  the  density  or  combustibility  of  the  second 
medium  is  less  than  that  of  the  first,  the  refraction  is  from  the 
perpendicular. 

If  the  ray  fall  perpendicularly  on  the  refracting  surface,  it 
suffers  no  change  in  its  direction,  in  other  words,  it  undergoes  no 
refraction. 

In  most  optical  instruments  in  which  refracting  media  are 
required,  glass  is  employed,  as  in  the  camera  obscura,  astro- 
nomical and  terrestrial  telescopes,  microscopes,  magic  lanterns, 
common  spectacles,  eye-glasses,  &c.  The  oxyhydrogen  appa- 
ratus, which  I  shall  use  in  these  lectures  for  illustrating  the 
phenomena  of  polarized  light,  serves,  when  deprived  of  its 
polarizing  part,  for  use  as  a  microscope  (oxyhydrogen  or  gas 
microscope^  the  images  of  the  objects  being  thrown  on  a  screen. 
Used  in  this  form,  it  is  simply  a  refracting  instrument.  Its 
structure  I  shall  hereafter  explain.  Quartz  or  rock  crystal  is 
used,  under  the  name  of  Brazil  pebble,  as  a  refracting  medium 
for  spectacles,  on  account  of  its  greater  hardness,  and  its  being 
less  liable  to  scratch.  The  diamond  and  other  precious  gems 
have  been  occasionally  used  for  microscopic  lenses.  Jewellers 
employ  a  glass  globe  filled  with  water,  to  concentrate  the  rays 
from  the  lamp  which  they  use  to  work  by.  The  water  is  generally 
coloured  pale  blue,  to  counteract  the  reddish  yellow  tint  of  the 
artificial  light.  Amber,  when  cut  and  polished,  is  sometimes 
used  for  spectacles.  When  the  object  is  to  concentrate  rays  of 
light,  and  to  exclude  those  of  heat,  lenses  of  alum  or  sulphate 
of  copper  may  be  employed. 

I  have  already  stated,  that  the  law  of  reflection,  as  regards  the 
direction  of  the  reflected  ray,  is  the  same  for  all  reflecting  media. 
But  the  law  of  refraction  is  very  different,  each  refracting 
medium  having  its  own  peculiar  action  on  light. 

A  variety  of  curious  and  well-known  phenomena  result  from 
the  unequal  refracting  powers  of  different  bodies,  or  of  the  same 
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body  in  different  states  of  density.  Thus  the  apparent  crooked- 
ness of  a  stick  placed  obliquely  in  water ;  the  difficulty  of  hitting 
a  body,  as  a  fish,  in  water,  when  we  take  an  oblique  aim  ;  the 
deception  experienced  in  estimating  the  depth  of  water,  except 
when  viewed  perpendicularly;  and  the  altered  position  of  a 
body  (as  a  piece  of  money)  contained  in  a  basin,  when  viewed 
obliquely,  first  when  the  basin  contains  no  water,  and  afterwards 
when  water  has  been  put  in — these,  and  many  other  phenomena, 
result  from  the  greater  refractive  powers  of  water  than  of  air, 
and  the  consequent  change  of  direction  which  the  luminous  rays 
suffer  when  passing  from  one  medium  to  the  other.  Again,  the 
tremulous  motions  of  bodies,  when  yiewed  through  an  ascending 
current  of  heated  air,  and  by  which  an  excise-officer  is  said  to 
have,  on  one  occasion,  discovered  a  subterranean  still  in  the 
Highlands  of  Scotland,  result  from  the  unequal  refracting  power 
of  air  in  different  states  of  density. 

6.  Dispersion. — If  a  ray  of  white  light  be  made  to  traverse  a 
refracting  medium,  or,  in  other  words,  to  suffer  refraction,  it  is 
found  to  have  undergone  a  remarkable  change — it  is  no  longer 
perfectly  white,  but  more  or  less  coloured.  It  is  assumed,  there- 
fore, that  white  light  is  made  up  of  coloured  lights,  and  that 
these,  being  unequally  refrangible,  are  separated,  or,  in  optical 
language,  are  dispersed.  In  this  way,  seven  colours  are  ob- 
tained, viz.  violet,  indiyo,  blue,  green,  yellow,  orange,  and 
fed.  These  are  usually  procured  by  a  triangular  piece  of  glass, 
called  a  prism — the  seven  colours  constituting  the  prismatic  or 
solar  spectrum.  This  mode  of  producing  colours  from  white 
light  is  called  the  decomposition,  the  analysis,  or  the  dispersion  of 
light.  If  we  allow  the  oxyhydrogen  lime-light  to  pass  out  of  the 
lantern  through  a  slit,  and  receive  it  on  a  prism,  the  spectrum 
may  be  thrown  on  the  cieling  of  the  lecture-room,  or  on  the 
screen  before  us. 

To  persons  unacquainted  with  philosophical  investigations, 
few  facts  seem  more  astonishing,  and  even  improbable,  than  that 
of  white  light  being  compounded  of  differently  coloured  lights. 
I  shall,  therefore,  dwell  for  a  few  minutes  on  this  topic. 

Every  one  is  familiar  with  the  fact,  that,  by  mixture,  colours 
are  altered.  Thus  blue  and  yellow  form  green ;  red  and  yellow 
form  orange;  while  blue,  with  different  proportions  of  red,  yields 
indigo  or  violet. 

You  will,  therefore,  readily  believe,  that  of  the  seven  prismatic 
colours  into  which  the  prism  decomposes  white  light,  three  only 
may  be  primitive,  and  four  compounded. 

Primitives.  Compounds. 
Ked  Orange 
Yellow  Green 
Blue  Indigo 
Violet 
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If  the  seven  prismatic  colours  be  rudely  printed  on  a  circular  disk 
of  card,  and  then  be  made  to  rotate  rapidly,  the  union  of  these 
colours  on  the  retina  gives  us  an  impression  of  greyish-white. 

If  we  paint  the  three  supposed  primitive  colours,  viz.,  red, 
yellow,  and  blue  on  a  similar  disk,  and  cause  this  to  revolve,  we 
also  obtain  an  impression  of  greyish  white. 

These  experiments,  therefore,  favour  the  notion  that  the  sen- 
sation of  white  light  depends  on  the  simultaneous  impression  of 
differently-coloured  lights  on  the  retina ;  and,  secondly,  that  three 
of  the  prismatic  colours  being  capable  of  giving  the  sensa- 
tion of  white  light,  they  probably  are  the  primitive  colours,  the 
others  being  compounds.  Hence,  white  light  is  called  com- 
pound  or  heterogeneous  light;  while  the  three  colours,  red, 
yellow,  and  blue,  are  termed  simple  or  homogeneous  lights. 
Each  of  these  may  be  termed  a  monochromatic  light.  Orange, 
green,  indigo,  and  violet,  on  the  other  hand,  are  mixed  colours. 

It  follows,  from  this  view  of  the  subject,  that  two  colours  (one  of 
which  must  be  a  ?nia;e<f  colour)  may  by  their  union  or  mixture  pro- 
duce white  light.  Colours  or  tints  which  do  this  are  called  com- 
plementary. 

Complementary  Tints. 
Red...  and  Green. 
Yellow    "  Indigo. 
Blue...    "  Orange. 
White  and  Uach  are  also  said  to  be  complementary. 
I  shall  now  proceed  to  demonstrate  the  accuracy  of  these 
positions.    If  I  throw  two  beams  of  coloured  light,  one  red, 
the  other  green,  on  a  screen,  we  see  two  circular  disks  of 
coloured  light,  and  by  making  them  overlap,  they  produce  white 

light.  A  similar  result  (that  is, 
the  formation  of  white  light)  is 
also  produced  by  the  overlapping 
respectively  of  disks  of  indigo  and 
yellow,  and  of  blue  and  orange. 
These  colours  are  obtained  by  a 
complicated  process.  The  oxy- 
hydrogen  lime-light  is  refracted 
by  the  condensers  in  this  lantern 
—  then  polarized  —  then  doubly 
refracted  or  depolarized  by  a  thin  film  of  selenite — then  refracted 
by  the  two  powers — then  analysed  by  a  double  refracting  prism. 

By  this  process,  the  nature  of  which  will  be  fully  explained 
hereafter,  we  have  destroyed  the  yellow  and  the  blue,  leaving  the 
red,  of  one  beam — while  the  red  only  has  been  destroyed  in  the 
other  beam,  leaving  the  yellow  and  the  blue  (which  by  their 
mixture  constitute  green).  If  we  then  cross  the  two  beams,  the 
red  and  the  green  by  their  mixture  form  white  light. 


Formation  of  White  Light. 
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The  position  of  the  orange  or  green  lights  in  the  spectrum 
favours  the  notion  of  their  being  mixed  colours ;  since  the  orange 
is  placed  between  the  red  and  the  yellow,  and  the  green  between 
the  yellow  and  the  blue. 

But  the  indigo  and  the  violet  being  placed  the  most  remote 
from  the  red,  appear  to  present  an  obstacle  to  this  notion.  Dr. 
Brewster,  who  adopts  the  supposition  of  there  being  three  primi- 
tive colours,  supposes  that  the  solar  spectrum  consists  of  three 
spectra  of  equal  lengths,  a  red,  a  yellow,  and  a  blue  one ;  and 
that  the  position  of  the  maximum  intensities  of  these  colours 
varies,  while  certain  portions  of  each  of  the  three  colours  form 
vphite  light,  by  mixing  with  the  other  colours  in  the  requisite  pro- 
portions— the  excess  of  colour  giving  the  predominating  tint  to 
that  part  of  the  spectrum  where  it  exists.  Thus  in  the  red  part 
of  the  spectrum,  there  is  an  excess  of  red  rays,  in  the  yellow 
part  of  yellow  rays,  in  the  blue  part  of  blue  rays,  in  the  violet 
part  of  both  blue  and  red  rays. 

This  view  of  the  subject  has  never  appeared  to  me  satisfactory; 
and  accordingly  another  and  a  more  probable  one  presenting 
itself,  I  am  inclined  to  adopt  it,  more  especially  as  it  is  supported 
by  some  experiments  recently  made  by  Sir  John  Herschel*.  Sup- 
pose a  repetition  of  the  primitive  colours  of  the  Newtonian  spec- 
trum ;  the  red  of  the  second  spectrum  being  partially  superposed 
on  the  blue  of  the  first  spectrum.  The  extreme  blue  rays  of  the  first 
spectrum  being  intermixed  with  the  red  rays  of  the  second  spec- 
trum, will  give  the  sensation  of  indigo  and  violet.  But  it  may 
be  asked,  where  are  the  other  colours  of  the  second  spectrum  ? 
The  reply  is,  that  they  are  not  visible  to  the  eye.  What  evidence, 
then,  it  will  be  said,  is  there  of  the  existence  of  invisible  rays 
beyond  the  first  or  Newtonian  spectrum  ?  The  evidence  is  two- 
fold— first,  the  well-known  chemical  effects  produced  beyond  the 
visible  spectrum;  and,  secondly,  Sir  John  Herschel's  experi- 
ments before  referred  to.  In  his  first  paperfjin  which  he  announces 
the  extension  of  the  visible  prismatic  spectrum,  and  the  existence 
of  a  new  prismatic  colour  beyond  the  violet;  he  states,  that  this 
colour  appeared  to  his  eyes  as  well  as  to  those  of  a  friend,  to  be 
lavender-grey.  But  in  a  more  recent  paper|,  he  appears  to  have 
satisfied  himself  that  the  colour  is  yellow.  *'  And  if  such,"  he  adds, 
"  rather  than  lavender  or  dove  colour,  should  be  the  true  colorific 
character  of  these  rays,  we  might  almost  be  led  to  believe  (from 
the  evident  reappearance  of  redness  mingled  with  blue  in  the 
violet  rays)  in  a  repetition  of  the  primary  tints  in  their  order, 

•  This  notion  was  thrown  out  by  Professor  Grove,  in  his  Lectures  on 
Light,  delivered  at  the  London  Institution,  in  November,  1842. 
t  Phihsophical  Transactions,  for  1840,  p.  19. 
X  Ibid,  for  1842,  pp  195,  196. 
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beyond  the  Newtonian  spectrum,  and  that  if,  by  any  concentra- 
tion, rays  still  farther  advanced  in  the  chemical  spectrum  could 
be  made  to  affect  the  eye  with  a  sense  of  light  and  colour,  that 
colour  would  be  green,  blue,  &c.,  according  to  the  augmented 
refrangibility." 

The  following;  diagram  serves  to  illustrate  this  view : 


There  are  many  interesting  topics  connected  with  the  spectrum, 
the  details  of  which  I  feel  precluded  from  entering  into,  inasmuch 
as  these  lectures  are  intended  to  illustrate  the  phenomena  of  po- 
larized light.  I  must,  therefore,  content  myself  with  briefly  naming 
some  of  them.  The  first  is  the  unequal  refrangibility  of  the  dif- 
rent-coloured  rays ;  the  red  being  the  least,  the  violet  the  most 
refrangible.  It  is  in  virtue  of  this  property  that  lenses  and  prisms 
produce  the  phenomena  of  dispersion  or  chromatic  aberration, 
Newton  thought  that  the  size  of  the  spectrum,  or  the  dispersive 
power  of  the  refractive  medium,  was  proportional  to  its  refractive 
power ;  and,  therefore,  that  the  refracting  telescope  could  not  be 
made  achromatic.  In  this  he  was  mistaken.  Equal  refractions  do 
not  produce  equal  dispersions.  Two  lenses  made  of  different 
kinds  of  glass,  as  one  of  crown  the  other  of  flint  glass,  may  be 
so  ground  that  the  dispersions  shall  neutralize  each  other,  while 
their  refractions,  not  being  equal,  cannot  neutralize ;  consequently, 
an  excess  of  one  remains. 

Not  the  least  remarkable  fact  connected  with  the  spectrum,  is 
the  existence  of  bands  or  fixed  lines  in  it.  They  are  commonly 
called  Fraunhofers  lines  of  the  spectrum.  The  best  mode  of 
seeing  them  is  to  examine  the  spectrum  by  a  telescope  *.  The  light 
(as  of  a  lamp,  or  that  produced  by  throwing  the  oxyhydrogen 
flame  on  lime)  should  be  passed  through  a  bottle  filled  with  nitrous 
acid  vapour  before  it  falls  on  the  prism,  to  prod uceHhe  spectrum. 

The  illuminating,  heating,  magnetic,  and  chemical  powers  of 
the  spectrum,  I  must  pass  over  without  further  notice,  as  they 
have  no  direct  connection  with  the  immediate  object  of  this 
course  of  lectures.    I  cannot  resist,  however,  remarking  that  the 


Primitive  Colours.  Mixed  Colours. 

/-Eed  ^ 

>  Orange. 
Yellow  ...< 


Newtonian  Spectrum. 


Hypothetical  Spectrum... 


Blue. 


*  An  apparatus  for  the  exhibition  of  these  lines,  lent  by  Messrs.  Watkins 
and  Hill,  was  exhibited  to  the  meeting. 
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existence  of  a  calorific,  magnetic,  and  chemical  influence  beyond 
the  confines  of  the  coloured  spectrum,  is  a  fact  of  considerable 
importance  in  any  enquiries  which  may  be  instituted  into  the 
nature  of  light.  Moreover,  the  splendid  and  interesting  pictures 
caWed  Daguerreotypes,  Calofypes*,  Chrysotypes,  and  Ferrotypes, 
or  Cyanotypes,now  behve  me,  produced  by  the  chemical  influence 
of  light  on  gross  or  ponderable  matter,  show  the  high  importance 
of  investigations  respecting  the  chemical  powers  of  the  spectrum. 

7.  Diffraction. — When  light  passes  near  the  edges  of  bodies, 
it  suffers  certain  modifications,  included  by  opticians  under  the 
denomination  of  inflection  or  diffraction.  If  an  opake  body  be 
placed  in  a  cone  of  light  admitted  into  a  dark  chamber  through 
a  very  small  aperture,  its  shadow  is  larger  than  its  geometric  pro- 
jection. Moreover,  its  shadow  is  bordered  with  fringes,  and 
similar  fringes  are  obse  ved  within  the  shadows  of  narrow  bodies. 

If  the  light  be  lio'.iogeneous  or  monochromatic,  the  fringes 
consist  of  dark  and  li  ;ht  spaces  of  the  same  colour,  and  are  of 
different  breadths,  red  yielding  the  broadest,  violet  the  narrowest 
fringes,  but  in  white  li,;ht  the  fringes  are  prismatic  or  iris-coloured. 

The  iris  fringes  msy  be  readily  observed  by  looking  through 
the  slit,  between  the  almost  closed  fingers,  at  a  candle,  placed  at  a 
distance  of  several  yards.  It  may  be  seen  still  better  by  looking 
at  the  same  luminous  body  through  a  feather,  or  through  a  fine 
wire  gauze.  I  have  before  me  Schwerd's  very  complete  apparatus 
for  examining  the  complicated  and  difficult  phenomena  of 
diffraction. 

When  I  tell  you  that  the  immortal  Newton  failed  to  perceive 
the  internal  fringes,  and  that  he  left  the  subject  altogether  in  an 
imperfect,  unsatisfactory,  and  unfinished  state,  I  need  scarcely 
add,  that  the  phenomena  are  very  complicated,  and  their  study 
exceedingly  difficult. 

8.  Colours  of  thin  plates,  of  films,  and  of  grooved  surfaces. 
A  variety  of  curious  and  brilliant  optical  phenomena  were 
attributed  by  Newton  to  what  he  called  flts  of  transmission, 
And  flts  of  reflection;  but  which  Dr.  Young  and  most  subsequent 
writers  ascribe  to  interference  of  light.  I  refer  now  to  the 
phenomena  of  thin  plates,  of  films,  and  of  grooved  surfaces. 

Excessively  thin  plates  of  air,  liquids,  or  solids,  appear  co- 
loured when  viewed  by  reflected  and  transmitted  light ;  but  the 
colour  seen  by  reflection  is  complementary  to  that  seen  by  trans- 
mission. 

If  the  plate  be  of  uniform  thickness,  the  colour  is  uniform ; 
but  if  the  thickness  varies,  the  colour  also  varies, 

*  Some  beautiful  Calotype  portraits,  taken  by  Mr.  Collen,  of  Somerset 
Street,  Portman  Square,  miniature  painter  to  the  Queen,  were  exhibited  to 
the  meeting. 
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Very  much  thinner  plates  than  those  which  present  colours, 
do  not  reflect  light,  and  when  viewed  in  this  position,  appear 
black.  But  they  still  transmit  light,  and  when  viewed  by  trans- 
mitted light,  appear  white. 

Wedge-shaped  plates  present  a  series  of  parallel  bands  or 
fringes  of  colour. 

A  plate  having  the  form  of  a  plano-concave  lens,  the  thinnest 
part  of  the  plate  being  in  the  centre,  gives  a  series  of  concentric 
rings  of  brilliant  colours.  Those  seen  by  reflected  light,  have  a 
black  spot  in  the  centre,  while  the  transmitted  rings  have  a  white 
spot  in  the  centre. 

These  different  phenomena  of  thin  plates  are  brilliantly  illus- 
trated in  the  lecture-room  by  the  oxyhydrogen  lime-light,  which, 
after  passing  through  the  condensers  of  the  lantern,  ia  polarized, 
then  passed  through  films  of  selenite  (of  uniform  thinness,  or 
wedge-shaped  plates,  or  plano-concave  films)  afterwards  through 
the  two  lenses  called  the  powers,  and  ultimately  analysed  by  a 
plate  of  tourmaline,  or  a  bundle  of  plates  of  thin  glass.  The 
nature  of  the  changes  will  be  explained  hereafter. 

The  squares  of  the  diameters  of  the  reflected  coloured  rings  are 
as  the  odd  numbers,  1,  3,  5,  7,  9,  &c.;  while  the  squares  of  the 
diameters  of  the  transmitted  rings  are  as  the  even  numbers, 
0,  2,  4,  6,  8,  10,  &c. 

The  brilliant  colours,  produced  by  thin  plates  of  air  between 
the  laminae  of  mica,  of  selenite,  and  of  Iceland  spar,  and  between 
plates  of  glass,  are  familiar  illustrations  of  the  colours  caused  by 
thin  plates  of  a  gaseous  substance. 

The  colours  caused  by  thin  films  of  oil  of  turpentine  or  other 
essential  oils,  of  alcohol  or  of  water,  and  by  soap-bubbles,  are  well- 
known  examples  of  the  colours  caused  by  thin  plates  of  liquids. 

The  iridescent  hues  produced  on  copper  or  steel  by  heat,  and 
which  depend  on  the  formation  of  a  thin  film  of  metallic  oxide, 
are  good  illustrations  of  the  colours  caused  by  thin  plates  of  solids. 
But  the  most  brilliant  are  those  caused  by  thin  films  of  peroxide 
of  lead,  formed  upon  polished  steel  plates,  by  the  electrolytic  de- 
composition of  acetate  of  lead.  These  splendid  prismatic  tints 
were  discovered  by  Nobili*,  and  are  commonly  known  as  Nobilis 
colours  or  metallo-chromes.  The  mode  of  producing  them  has 
been  described  by  my  friend  Mr.  Gassiot,  in  a  paper  read  before 
the  Royal  Societyf.  If  we  place  on  the  polished  steel  plate  a 
card  screen  in  which  some  device  is  cut  out,very  beautiful  figures, 
having  a  splendid  iridescent  appearance,  are  produced. 

In  all  the  cases  hitherto  alluded  to,  I  have  supposed  white  or 

*  See  Taylor's  Scientific  Memoirs,  vol.  i.  part  1. 

t  See  the  Proceedings  of  the  Royal  Society,  for  March,  1840;  also  Brande's 
Manual  of  Chemistry,  5th  edit.,  p.  836. 
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compound  light  to  be  used ;  and  then  the  colours  are  iridescent 
or  prismatic.  But  if  monochromatic  or  homogeneous  light  be 
employed,  the  rings  are  of  a  uniform  tint  or  colour,  and  are  sepa- 
rated by  obscure  bands  or  rings.  Red  light  yields  the  broadest, 
violet  light  the  narrowest  rings. 

Minute  particles,  fibres,  and  grooved  surfaces  also  produce 
prismatic  or  iridescent  colours  by  white  light.  Thus,  minute  par- 
ticles of  condensed  vapour,  obtained  by  breathing  on  glass,  give 
rise  to  this  effect.  A  familiar  illustration  is  to  be  found  in  the 
halos  observed  around  the  street-lamps,  when  viewed  at  night 
through  a  coach-window,  on  the  glass  of  which  vapour  is  depo- 
sited. In  this  case  the  colours  are  seen  by  transmission.  Dr. 
Joseph  Reade's  beautiful  instrument,  called  the  Iriscope^ 
brilliantly  displays  the  colours  produced  by  reflection  from  a 
plate  covered  with  condensed  vapour.  It  consists  of  a  plate  of 
highly-polished  black  glass,  having  its  surface  smeared  with  a  so- 
lution of  fine  soap,  and  subsequently  dried  by  rubbing  it  clean  with 
a  piece  of  chamois  leather.  If  the  surface,  thus  prepared, be  breathed 
on,  through  a  glass  tube,  the  vapour  is  deposited  in  brilliant 
coloured  rings.  But  as,  in  this  mode  of  experimenting,  the  plate 
of  vapour  is  thickest  in  the  middle,and  thin  nest  in  the  circumference, 
the  rings  have  black  circumferences  instead  of  black  centres. 

Minute  fibres  of  silk,  wool,  and  of  the  spider's  web,  also  present 
in  sunshine  a  most  vivid  iridescence. 

A  very  minutely  grooved  surface  also  presents  a  prismatic  or 
iridescent  appearance  in  white  light.  Of  this  mother-of-pearl  is 
a  familiar  instance — as  also  opal.  Micrometer  scales  frequently 
present  the  same  appearances ;  and  Barton's  buttons  and  other 
iris  ornaments  owe  their  resplendence  to  the  numerous  minute 
grooves  cut  in  the  surface  of  the  metal.  If  a  beam  of  light  from  the 
oxyhydrogen  apparatus  be  received  on  one  of  Barton's  buttons,  an 
iridescent  image  may  be  thrown  on  a  screen  several  yards  distant ; 
thus  furnishing  a  good  lecture-room  illustration  of  the  colours  of 
grooved  surfaces. 

9.  Double  Refraction.—When  a  pencil  of  light  falls  in  certain 
directions  on  any  crystals,  which  do  not  belong  to  the  cubical 
system,  it  is  split  or  divided  into  two  other  pencils,  which  diverge 
and  follow  different  paths ;  and  when  their  divergence  is  considera- 
ble, objects  viewed  through  them  appear  doubled.  The  change 
thus  effected  on  a  ray  of  light  is  denominated  double  refraction. 
The  substance  which  is  commonly  used  to  produce  this  effect  is  that 
variety  of  transparent  crystallized  carbonate  of  lime,  called  Ice- 
land spar,  or  sometimes  calcareous  spar,  or,  for  brevity,  caZc-fpar. 

In  every  double  refracting  crystal  there  are,  however,  one  or 
more  directions  in  which  double  refraction  does  not  take  place. 
These  are  called  axes  of  double  refraction :  they  might  with 
more  propriety  be  termed  axes  of  no  double  refraction. 
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I  now  pass  a  beam  of  light  (produced  by  throwing  the  oxy- 
hydrogen  flame  on  lime)  through  a  rhombohedron  of  Iceland 
spar,  and  we  obtain  two  images  on  the  screen.  By  rotating  the 
crystal  on  its  axis,  one  of  the  images  revolves  around  the  other, 
but  neither  disappears  during  the  revolution.  Now  this  fact 
proves  that  the  light  which  falls  on  the  crystal  is  unpolarized  ;  for 
if  it  had  been  polarized,  one  image  would  have  disappeared  in 
certain  positions,  as  1  shall  hereafter  prove. 

10.  Polarization. — When  submitted  to  certain  influences,  the 
rays  of  common  light  acquire  peculiar  properties,  designated  by 
the  term  polarization.  These  peculiarities  are  not  distinguishable 
by  the  unassisted  eye. 

A  very  common  question,  put  by  persons  who  have  not  studied 
the  subject,  is,  "  What  is  polarized  light?"  and  the  philosopher 
feels  very  considerable  difficulty  in  giving  a  concise  and  intelli- 
gible reply ;  so  that  the  enquirer,  perhaps  after  listening  to  a 
lengthened  detail,  frequently  goes  away,  without  obtaining  as  he 
says,  a  direct  and  short  answer  to  his  question. 

There  are  two  modes  of  reply  :  one  is  to  describe,  independent 
of  all  hypotheses,  the  properties  by  which  polarized  light  is  dis- 
tinguished from  common  light ;  the  other,  is  to  adopt  some 
hypothesis  of  the  nature  of  light,  and,  therefore,  to  give  an  hypo- 
thetical explanation  of  the  nature  of  polarized  light.  Whichever 
method  we  adopt — and  I  shall  give  both — lengthened  details  are 
necessary  to  enable  the  uninitiated  to  comprehend  the  subject. 

There'are  four  methods  of  polarizing  light,  viz. 

a.  Reflection. 

b.  Simple  refraction. 

c.  Double  refraction. 

d.  Transmission  through 'a  plate  of  tourmaline. 

In  the  following  table  I  have  contrasted  some  of  the  distin- 
guishing characteristics  of  common  and  polarized  light : 

A  Ray  of  Common  Light,  A  Ray  of  Polarized  Light, 

1.  Is  capable  of  reflection,  at  oblique  1.  Is  capable  of  reflection,  at  oblique 
angles  of  incidence,  in  every  po-  angles  of  incidence,  mcertom/wst- 
sition  of  the  reflector.  tions  only  of  the  reflector. 

2.  Penetrates  a  plate  of  tourmaline  2.  Penetrates  a  plate  of  tourmaline 
(cut  parallel  to  the  axis  of  the  (cut  parallel  to  the  axis  of  the 
crystal)  in  every  position  of  the  crystal)  in  certain  positions  of  the 
plate.  plate,  but  in  others  is  wholly  in- 
tercepted. 

3.  Penetrates  a  bundle  of  parallel  3.  Penetrates  a  bundle  of  parallel 
glass  plates,  in  every  position  of  glass  plates,  in  certain  positions  of 
the  bundle.  the  bundle,  but  not  in  others. 

4.  Suflers  double  refraction  by  Ice-  4.  Does  not  sufier  double  refraction 
land  spar  in  every  direction,  ex-  by  Iceland  spar  in  every  direction, 
cept  that  of  the  axis  of  the  except  that  of  the  axis  of  the 
crystal.  crystal.    In  certain  positions,  it 

siiSers  single  refraction  only. 
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Thus,  then,  one  mode  of  replying  to  the  before-mentioned 
question  would  be,  by  recapitulating  the  facts  stated  in  this  se- 
cond column.  This  reply  would  form  what  I  may  term  a  matter- 
of-fact  answer,  being  independent  of  all  hypothesis. 

The  naked  or  unassisted  eye  cannot  then  distinguish  common 
from  polarized  light.  Every  person  must  have  repeatedly  seen 
polarized  light,  but  not  knowing  how  to  recognize  it,  has  failed  to 
distinguish  it  from  common  light.  If  you  look  at  a  polished  maho- 
gany table,  placed  between  you  and  the  window,  part  of  the  light 
reflected  from  the  table  is  polarized.  When  you  look  obliquely 
at  the  goods  in  a  linendraper's  shop,  through  the  plate-glass 
window,  part  of  the  light  by  which  you  see  the  articles  is 
polarized.  When  you  see  two  images  by  a  crystal  of  Iceland 
spar  the  transmitted  light  is  polarized.  The  atmospheric  light  is 
frequently  polarized,  especially  in  the  earlier  and  later  periods 
of  the  day  when  the  solar  rays  fall  very  obliquely  on  the  atmo- 
sphere. At  the  present  season,  the  effect  may  be  perceived  at 
eight  or  nine  o'clock  in  the  morning  and  five  or  six  o'clock  in  the 
afternoon,  the  observer  standing  with  his  back  to  the  sun,  or  with 
his  face  north  or  south.  1  have  found  that  the  effect  is  best  per- 
ceived when  the  sun  is  shining,  and  the  atmosphere  more  or  less 
misty. 

It  is  obvious,  therefore,  that  after  we  have  polarized  a  ray  of 
light,  we  must  employ  some  agent  to  detect  its  peculiar  pro- 
perties. This  agent  is  called  the  analyser.  It  would  be  better 
understood  if  it  were  termed  the  test.  It  may  be  a  reflecting 
plate,  a  plate  oj  tourmaline,  a  bundle  of  glass  plates,  a  Nichol's 
prism,  or  a  double  refracting  prism  ;  in  fact,  the  analyser  or  test 
must  be  a  polarizer. 

Thus,  then,  a. polariscope  consists  of  two  parts  :  one  for  polariz- 
ing, the  other  for  analysing  or  testing  the  light.  There  is  no  essen- 
tial difference  between  the  two  parts,  except  what  convenience  or 
economy  may  lead  us  to  adopt ;  and  either  part,  therefore,  may 
be  used  as  polarizer  or  analyser;  but  whichever  we  use  as  the 
polarizer,  the  other  then  becomes  the  analyser. 

a.  Polarization  by  reflection. — This  method  of  polarizing 
light  was  discovered  by  Mains,  in  1 8U8.  He  was  viewing,  through 
a  double  refracting  prism,  the  light  of  the  setting  sun  reflected 
from  the  glass  windows  of  the  Luxemburgh  palace  in  Paris  ;  and, 
on  turning  round  the  prism,  he  was  surprised  to  observe  a  re- 
markable difference  in  the  intensity  of  the  two  images :  the  most 
refracted  alternately  surpassing  and  falling  short  of  the  least  re- 
fracted in  brightness. 

Polarizing  reflectors  are  usually  glass.  This  should  be  either 
ground  or  blackened  at  the  back  to  prevent  posterior  reflection. 
Water  is  seldom  made  use  of.     Mica  may  be  employed  instead 
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of  glass.  A  well-polished  or  var- 
nished piece  of  wood  (as  a  table, 
top  of  a  pianoforte,  or  a  counter) 
is  very  convenient.  Marble  also 
answers   tolerably  well.  The 

  shining  back  of  a  book  is  oft- 

Polarization  by  Rejlection.        entimes  Serviceable.  Metallic 
a.  Incident  ray  of  common  or  unpo-  plates  are  objectionable ;  since 
'"Al^Ratfof  glass  (-polarizing  plate).         ^ne  reflection  Only  from  them , 

c.  Reflected  ray  of  polariisecl  llRht.        the  light  is  found  tO  be  ellipti- 

cally  polarized  ;  though  by  successive  reflections  it  becomes 
plane  polarized. 

The  polarizing  angle  varies  for  different  substances,  as  the 
following  table  shows  : 

Angles  of  Polarization  by  reflection. 

Water     ...    52°  45' 

Glass  ....    56°  45' 

Sulphate  of  lime    56°  45' 

Rock  crystal     .    56°  58' 

Iceland  spar  .    .    58°  51' 

Diamond ...  68°  I' 
Fronn  a  very  extensive  series  of  experiments,  made  to  determine 
the  maximum  polarizing  angles  of  various  bodies,  Dr.  Brewster 
arrived  at  the  following  law  :  the  index  of  refraction  is  the  tangent 
of  the  angle  of  polarization.  It  follows,  therefore,  that  the  re- 
flected polarized  ray  forms  a  right  angle  with  the  t  efracted  ray. 

Here,  perhaps,  is  the  most  convenient  place  for  referring  to  a 
suggested  application  of  polarized  light.  I  have  slated  that  light 
is  polarized  by  water,  at  an  angle  of  52°  45'.  By  the  analyser 
(as  a  tourmaline,  or  Nichol's  prism,  or  a  bundle  of  glass  plates) 
the  whole  of  this  reflected  polarized  light  may  be  intercepted 
\yithout  oflTering  any  impediment  to  the  unpolarized  but  refracted 
light  which  has  traversed  the  water  ;  so  that  objects  may  be  more 
readily  seen  at  the  bottom  of  ponds,  rivers,  and  the  sea,  by  this 
expedient  than  otherwise,  since  the  glare  of  the  reflected  light  is 
prevented.  Hence  anglers,  and  those  fond  of  fish-spearing,  may 
employ  this  property  of  polarized  light  in  the  discovery  of  the 
objects  of  their  sport;  and  commanders  of  vessels  may  avail 
themselves  of  it  to  detect  rocks  and  shoals  in  the  bottom  of  the 
ocean,  which  are  not  otherwise  visible  except  by  viewing  them  from 
the  mast-head,  by  which  the  angle  of  reflexion  is  diminished,  and 
consequently  the  quantity  of  light  reflected  is  thereby  lessened. 

I  proceed  now  to  demonstrate  the  polarization  of  light  by  re- 
flection, and  the  essential  properties  of  the  polarized  ray.  For 
this  purpose,  I  obtain  an  intense  light  by  throwing  the  flame  of  a 
jet  of  mixed  oxygen  and  hydrogen  gases  on  a  cylinder  of  lime. 
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This  light, which  I  shall,  for  brevity, call  the lime-lightyk  condensed 
by  two  crossed  lenses  (called  condensers),  and  thrown  on  a  plate 
of  glass,  blackened  at  the  back,  and  placed  at  an  angle  of  56°  45'. 
The  lig;ht  is  polarized  by  this  plate,  and  being  then  refracted  by 
two  plano-convex  glasses  (termed  the  power),  is  afterwards  re- 
ceived on  a  semi-transparent  calico  screen,  strained  on  a  wooden 
frame,  and  moistened  with  water.  A  bundle  of  glass  plates  is 
sometimes  used  as  a  reflecting  polarizer :  it  has  the  advantage 
of  reflecting  more  light,  but  a  portion  of  it  is  unpolarized. 

The  light  thus  polarized  is  not  distinguishable  by  the  eye 
from  common  light,-  but  to  prove  its  nature,  I  proceed  to  test  it. 
For  this  purpose,  I  place  a  plate  of  tourmaline  on  the  front  of 
the  polariscope,  and  on  revolving  it,  you  observe  the  light 
on  the  screen  is  alternately  cut  off  and  admitted.  At  0  the 
tourmaline  transmits  the  light,  at  90'^  it  absorbs  it,  at  180°  it 
transmits  it,  at  270°  it  absorbs  it.  I  remove  the  tourmaline, 
and  substitute  a  bundle  of  glass  plates,  placed  at  an  angle  of 
56°  45'.  On  revolving  this,  the  light  is  observed  to  be  alternately 
cut  off  and  transmitted,  as  in  the  case  of  the  tourmaline.  I  now 
substitute  a  double  refracting  prism  for  the  bundle  of  glass,  and 
on  revolving  this,  it  is  seen  that  in  two  positions  double  refraction 
takes  place,  and  two  images  are  produced  on  the  screen,  while 
in  two  intermediate  positions,  one  image  is  cut  off.  Thus,  then, 
the  light  reflected  from  the  blackened  glass  plate  of  the  polari- 
scope, is  polarized,  since  it  possesses  the  characters  assigned  to 
^his  kind  of  light. 


Common  crown  or  window  glass  serves  well  enough  for  ordi- 
nary purposes.  The  flattest,  thinnest,  most  colourless,  and  per- 
fect pieces  are  to  be  selected.  A  very  convenient  mode  of 
using  them  is  the  following : — Take  two  one  ounce  paper  pill- 
boxes, remove  the  lids  and  the  bottoms,  and  then  paste 
together  the  two  cylinders  of  the  boxes,  so  as  to  form  a  tube. 
Into  this,  place  obliquely  sixteen  pieces  of  window  glass. 


oppositely  polarized  to  c. 


Polarization  by  single  Refraction, 

a.  Ray  of  common  or  unpolarized  light. 

b.  Bundle  of  glass  plates. 

c.  Reflected  polarized  ray. 

d.  Refracted  polarized  ray.    This  ray  is 


2.  Polarization  by  single 
Refraction. — If  light  be  trans- 
mitted obliquely  through  a  bun- 
dle of  diaphanous  laminse,  it 
suffers  polarization.  The  very 
thin  parallel  glass  plates  used 
for  microscopes,  and  sold  by 
Bromley  and  Drake,  at  315, 
Oxford  Street,  form  the  best 
medium.  Sixteen  or  more  of 
these  are  to  be  placed  parallel, 
and  the  bundle  then  placed  at 
an  angle  of  56°  45'  to  the  ray 
to  be  polarized. 
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Having  cut  in  each  of  the  lids  a  circular  hole,  of  about  the 
size  of  a  sixpence,  place  a  lid  at  each  end  of  the  cylinder 
Ihe  I.ght  by  passing  obliquely  through  the  glass-plates  in  this 
cylinder,  becomes  polarized. 

A  bundle  of  mica  plates  may  be  used  for  polarizing,  but  it  is 
interior  to  the  bundle  of  microscope  glass  above  referred  to 

3.  Polarization  by  Double  Refraction.— I  have  already 
demonstrated  the  double  refractive  power  of  Iceland  spar- 
though  1  have  not  hitherto  said  anything  of  the  nature  of  the 
light  of  which  the  two  pencils  are  made  up. 

I  now  proceed  to  demonstrate  that  the  two  pencils  or  rays 
produced  by  this  process  are  polarized;  but  the  polarized  state 
of  the  one  ray  is  of  an  opposite  kind  to  that  of  the  other ;  so  that 
the  two  rays  are  said  to  be  oppositely  polarized.  That  this  is 
the  case  is  proved  by  applying  our  tests  to  them.  Thus  if  J 
apply  a  plate  of  tourmaline,  you  observe  that,  as  this  is  rot'ated 
one  of  the  luminous  rays  is  alternately  cut  oflT,  which  would  not 
be  the  case  were  the  rays  composed  of  common  light;  while  if 
both  were  similarly  polarized  they  would  be  simultaneously  and 
not  alternately  absorbed.  If  I  substitute  the  bundle  of  glass 
plates  for  the  tourmaline,  one  of  the  rays  is  reflected,  and  the 
other  transmitted  ;  and  by  revolving  the  bundle  90°  the  rav 
which  was  reflected  is  now  transmitted,  and  that  which  was 
transmitted  is  now  reflected. 

^^^^^^'^  prism,  or  NichoVs 
eye-piece*,  is  a  most  valuable 
and  convenient  polarizer.  It  is 
an  oblique  rhombic  prism,  whose 
terminal  planes  form  an  angle  of 
68°  with  the  adjoining  obtuse 
lateral  edges.  It  is  formed  by 
joining,  by  means  of  Canada 
balsam,  two  wedge-shaped  pieces 
of  Iceland  spar.    It  is  a  double 

l^oiible  Refraction  by  a  rhombohedron  of  Vtihactor,  but  the  two  rays  are 

a.     The  obteatf^r-Aline  drawn  ^^^''^^^  «°         that  Only 

cryTta?  ^  *  ^^epresents.  the  axis  of  the  image  IS  SCen   in  itS  USUal 

c.  fncident  ray  of  unpolarized  or  com-  P^^'t'O"-     The  cause  of  this  is 

^r"??'-      ,      ,  .  Canada  balsam,  whose  index 

e.o.  Oppositely  polarized  transmitted  ^(  rf>?v:,ni\r.,.  ^^  K^nx  •    •  . 
rays,  e  IS  called  the  extraordinary,  0  the        rerraction  (1.549)  IS  Ulterme- 

7.rffie^which.henviewedthro„.h  ^i^te  between  that  for  the  ordi- 

^herhombohedron,  appears  doubled./^  "^O'  ray  (1.654),  and   that  for 

*r        .  "^he  extraordinary  ray  (1.483)  so 

that  this  substance  changes  the  direction  of  the  two  rays  in  an 

*  See  Jameson's  Journal,  vols.  6,  16,  and  27.  ~~  ~* 
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opposite  manner,  before  they  enter  the  posterior  half  of  the 
prism.  Over  the  tourmahne  this  prism  has  the  advantage  of 
being  perfectly  free  from  colour,  but  it  has  the  great  objection 
of  giving  a  very  limited  field  of  vision. 

4.  Poiarizatiou  by  the  Tourmaline.  The  last  mode  of  polarizing 
light  to  which  I  shall  have  occasion  to  allude,  is  by  transmission 
through  a  plate  of  tourmaline,  cut  parallel  to  the  axis  of  the  crystal. 

The  substance  called  tourmaline,  and  to  which  I  have  al- 
ready referred,  is  a  precious  stone,  which  is  occasionally  cut 
and  polished,  and  worn  as  a  jewel.  There  is  good  reason 
for  supposing  that  it  is  the  substance  to  which  Theophrastus 
alludes  under  the  name  of  lyncurium  (XvyKvpiov).  It  is  found 
in  various  parts  of  Europe,  Asia,  Africa,  and  America.  Much 
of  that  found  in  commerce  comes  from  the  Brazils.  It  occurs  in 
thick  and  short,  as  well  as  in  acicular  prismatic  crystals,  belong- 
ing to  the  rhombohedric  system,  and  which  have  three,  six,  or 
more  sides  and  dissimilar  summits.  Thus  in  most  tourmalines  the 
extremities  or  summits  of  the  crystal  differ  from  each  other  in  the 
number  or  situation  of  the  planes  ;  and  like  other  unsymmetrical 
crystals,  the  tourmaline  becomes  electrical  while  changing  its 
temperature,  one  extremity  becoming  positive,  the  other  negative. 


a.  Brazilian  tourmaline.  By  cooling,  the  upper  end  becomes  positively  (  +  ), 
lower  negatively  ( — )  electrical. 


O.  Anotner  tourmaline.  ,  ,        ,  .  ,  j  a 

c.  Tourmaline  slit,  parallel  to  the  axis,  into  four  plates,  which,  when  ground  and 
polished,  are  used  as  either  polarizers  or  analysers.  ^  a 

d.  Tourmaline  cut  at  right  angles  to  its  axis.  The  plates,  thus  obtained,  are  ground 
and  polished,  and  then  used  in  the  polariscope  for  producing  coloured  rings. 

The  colour  of  the  tourmaline  is  various,  but  green  and  brown 
are  the  prevailing  tints.  Curiously  enough,  there  appears  to  be  a 
remarkable  connection  between  the  colour  and  the  other  optical, 
as  well  as  the  electrical  properties  of  the  tourmaline.  Green,  blue, 
and  yellow  colours  are,  in  general,  imperfect  polarizers.  The 
brown  and  pinkish  tints  are  the  best.  White  colourless  tourma- 
lines do  not  polarize. 

The  principal  constituents  of  the  tourmaline,  are  silica  and 
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alumina,  Boracic  acid  is  alway.,  present,  as  also  magnesia, 
iron,  potash,  soda,  Sfc,  are  not  constant  ingredients 

For  optical  purposes,  the  tourmaline  is  cut  in  two  directions 
yiz.  parallel,  and  likewise  at  right  angles  to  the  crystallo^raphi- 
cat  axis  Tourmaline  plates  for  polarizing  or  analyzing,  ,,ve 
cut  parallel  to  the  axis  about  of  an  inch  thick  ;  but  for 
depolanzing  or  showing  coloured  rings,  at  right  angles  to 
the  axis.  Considerable  care  and  experience  are  required  to  pre- 
pare good  plates.*  If  they  be  not  cut  perfectly  parallel  to  the  axis, 
their  polarizing  and  analyzing  powers  are  greatly  impaired.  In 
buying  plates,  avoid  cracks,  flaws,  and  deep  colours,  and  select 
those  which  by  experiment  you  find  to  be  good  polarizers,  for  as 
the  po  anzing  powers  are  very  unequal  in  different  crystals,  no- 
thing but  a  trial  of  each  plate  can  determine  its  goodness 

1  he  light  which  is  transmitted  by  a  plate  of  tourmaline  (a  or  a') 
(cut  parallel  to  the  axis),  is  plane-polarized.  A  second  plate  of 
tourmaline  {b),  if  held  in  the  same  position,  transmits  the  light 
polanzed  by  the  first  plate  ;  but  if  the  second  plate  ilj)  be  turned 
round,  so  that  its  axis  is  at  right  angles  with  the  axis  of  the  first 
plate,  no  light  is  transmitted. 


Action  of  Toxirmalme  Plates  on  Light. 
,.nf;.;rf  JT°  tourmaline  (cut  parallel  to  the  axis  of  the  crystal),  with  their  axes 

coincident ;  a.  is  called  the  polarizer,  and  b.  the  analyser. 

c.  Incident  ray  of  mipolarized  light. 

d.  Transmitted  ray  of  light  polarized  by  a. 

e.  Ray  polarized  by  a,  and  transmitted  by  b. 

hy'a'%  ?nTe°  cS  b/fi''!'''"'"''^         ''''''  '°  ^^^^^       "S^**'  POl^i^^ 

The  great  objection  to  the  tourmaline,  as  a  polarizer,  is,  that 
the  transmitted  polarized  beam  is  more  or  less  coloured.  If  laro-e, 
transparent,  and  colourless  polarizing  tourmalines  could  be  ob- 
tained, they  would  be  invaluable  to  the  optician. 

That  common  light  is  polarized  by  transmission  through  a 
plate  of  tourmaline,  as  above  described,  is  proved  thus :  — A 
second  tourmaline,  placed  with  its  axis  at  right  angles  to  the 
first,  does  not  permit  light  to  pass.  But  when  the  axes  of  the 
plates  comcide,  the  light  polarized  by  the  first  plate  is  trans- 

*  Mr.  Darker,  of  Paradise  Street,  Lambeth,  prepares  tourmaline  plates 
lor  most  of  the  opticians.  r^a^ca 

c  2 
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mitted  by  the  second.  Moreover,  if  the  light  transmitted  through 
the  first  tourmaline  be  received  at  an  oblique  angle  on  a  plate 
of  glass,  blackened  at  the  back,  it  is  reflected  only  on  two  sides 
of  the  ray,  and  at  an  angle  of  56"  45'.  Lastly,  if  it  be  tested 
by  a  double  refracting  prism,  it  is  found  to  produce  double 
refraction  in  two  positions  only  of  the  ray,  for  on  rotating  the 
double  refracting  prism  on  its  axis,  we  find  that  one  of  the 
images  is  alternately  cut  ofl^,  and  in  intermediate  positions,  two 
faint  images  only  are  produced. 

2..  WAVE  HYPOTHESIS  OF  LIGHT. 

There  are  two  hypotheses  or  theories  which  have  been  formed 
to  account  for  the  phenomena  of  light;  one  of  these  is  called, 
the  projectile  theory,  or  the  theory  of  emission  ; — while  the 
second  is  denominated  the  wave,  or  undulatory  theory  of  light. 

The  first  is  sometimes  called  the  material  or  Newtonian 
theory  of  light.  But  as  on  both  hypotheses  a  fine  subtile  form 
of  matter  is  required  to  account  for  luminous  phenomena,  the 
one  hypothesis  equally  deserves  the  name  of  material  with  the 
other.  Moreover,  I  cannot  understand  why  the  projectile  theory 
is  to  be  exclusively  honoured  with  the  name  of  the  Newtonian  ; 
fortbough  on  some  occasions  Newton  certainly  adopts  it,  yet  on 
others  he  appears  to  support  the  theory  of  waves. 

On  the  present  occasion  it  is  not  my  intention  to  enter  into 
any  details  respecting  the  projectile  theory ;  for  however  ably 
and  plausibly  it  accounts  for  some  optical  phenomena,  it  is 
manii'estly  incompetent  to  explain  those  which  it  is  the  object  of 
this  course  of  lectures  to  describe. 

Light,  a  Property  or  Motion. — The  wave- theory  supposes  that 
light  is  a  property — a  motion — a  vibration  of  something.  But  of 
what?  Euier  imagined  that  the  vibrating  medium,  in  dense  bo- 
dies, was  the  body  itself ;  through  the  gross  particles  of  which  he 
supposed  the  light  to  be  propagated  in  the  same  manner  as  sound. 
This  hypothesis,  Dr.  Young*  declares  to  be  "  liable  to  strong 
objections;"  and  he  adds,  that  "  on  this  supposition,  the  refrac- 
tion of  the  rays  of  light,  on  entering  the  atmosphere  from  the  pure 
ether  which  he  describes,  ought  to  be  a  million  times  greater  than 
it  is." 

Ether. — To  account  for  the  phenomena  of  light,  philosophers 
have  assumed  the  existence  of  a  vibrating  medium,  which  has  been 
called  the  ethereal  medium,  the  luminiferous  ether,  or  simply 


•  A  Course  of  Lectures  on  Natural  Philosophy,  vol.  ii.,  p.  542.  Also  Phil. 
Trans,  for  1800. 
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ether.  It  is  supposed  to  be  a  rare,  highly  elastic,  subtile  fluid, 
which  occupies  all  space  and  pervades  all  bodies.  As  the  sen- 
sation of  light  is  supposed  to  be  excited  by  the  undulations  of 
this  medium,  so,  where  light  exists,  there  ether  must  be.  Hence 
it  fills  ail  space.  It  is  between  the  sun  and  the  earth,  the 
earth  and  the  stars,  and  so  on.  If  it  did  not  exist  in  water, 
diamonds,  glass,  &c.,  these  bodies  would  not  be  diaphanous; 
So  that  it  must  pervade  all  bodies.  Even  opake  substances 
roust  contain  it,  since,  as  in  the  case  of  gold,  these  become 
transparent  when  excessively  thin. 

Existence  of  an  Ether. — We  have  no  independent  evidence  to 
adduce  of  the  existence  of  this  medium.  It  is,  therefore,  an  as- 
sumption ;  but  one  which  is  sanctioned  by  the  high  authority  of 
Descartes,  Huyghens,  Euler,  Hooke,  Newton,  Young,  Fresnel, 
and  some  of  the  most  distinguished  philosophers  of  the  present  day, 
among  whom  are  Sir  John  Herschel  and  Arago.  These  eminent 
men  have  seen  in  this  assumption  nothing  inconsistent  with  their 
knowledge  of  the  constitution  of  the  universe.  The  electrician  and 
the  magnetician  have  assumed,  respectively,  an  electric  and  a  mag- 
netic fluid,  and  there  can  be  no  impropriety,  therefore,  in  the  op- 
tician assuming  a  luminiferous  ether,  provided,  however,  that  it  be 
compatible  with  well  ascertained  facts,  and  do  not  violate  known 
laws.  Moreover,  it  is  by  no  means  improbable  that  the  fluids 
■which  have  been  respectively  assumed  as  the  causes  of  electrical, 
magnetical,  calorific,  and  luminous  phenomena,  may  be  one  and 
the  same. 

Even  gravity,  perhaps,  may  be  referable  to  the  same  cause. 
Newton*  himself  has  thrown  out  a  speculation  of  this  kind. 
Alluding  to  the  ether,  he  says,  '*  Is  not  this  medium  much 
rarer  within  the  dense  bodies  of  the  sun,  stars,  planets,  and 
comets,  than  in  the  empty  celestial  spaces  between  them  ? 
And  in  passing  from  them  to  great  distances,  doth  it  not  grow 
denser  and  denser  perpetually,  and  thereby  cause  the  gravity  of 
those  great  bodies  towards  one  another,  and  of  their  parts 
towards  the  bodies  ;  every  body  endeavouring  to  go  from  the 
denser  parts  of  the  medium  towards  the  rarer?"  Very  recently, 
Dr.  Rogett  and  MosottiJ  have  shown  how,  on  the  assumption 
of  an  ethereal  medium,  the  phenomena  of  gravitation  and  elec- 
tricity, may  be  included  in  the  same  law. 

It  has  been  said,  that  if  the  universe  contained  a  fluid  of  the 
kind  here  referred  to,  the  planets  must  experience  some  resist- 
ance to  their  motions,  and,  therefore,  that  as  no  resistance  can 
be  detected,  there  can  be  no  ethereal  medium.    This  conclusion, 

»  Opticks,  p.  325.    Query  21. 

t  Electricity.    Published  in  the  Library  of  Useful  Knowledge. 
X  On  the  Forces  which  regulate  the  Internal  Constitution  of  Bodies,  in 
Taylor's  Scientijic  Memoirs,  part  iii. 
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however,  is  by  no  means. a  necessary  one,  for  "  if  this  ether,"  says 
Newton*,  "should  be  supposed  700,0i^0  times  more  elastic  than 
our  air,  and  above  700,000  times  more  rare,  its  resistance  would 
be  above  600,000,000  times  less  than  that  of  water.  And  so 
small  a  resistance  would  scarce  make  any  sensible  alteration  in 
the  motions  of  the  planets  in  ten  thousand  years."  The  most 
satisfactory  evidence  of  this  resistance,  if  indeed  it  exist,  might 
be  expected  to  be  found  in  the  case  of  the  comets,  bodies  made 
up  of  the  lightest  materials,  in  fact,  masses  of  vapour,  and,  there- 
fore, from  their  less  momentum,  more  likely  to  suffer  retardation. 
In  the  case  of  Encke's  comet,  evidence  of  this  resistance  is  be- 
lieved to  have  been  obtained.  The  mean  duration  of  one  entire 
revolution  of  this  comet  is  about  1207  days,  and  the  "  magnitude 
of  the  resistance  is  such  as  to  diminish  the  periodic  time  about 
of  the  whole  at  each  revolution  ;  a  quantity  so  large  that 
there  can  be  no  mistake  about  its  existence.f" 

The  following  table  of  the  mean  duration  of  one  entire  revolu- 
tion of  this  comet,  allowance  being  made  for  perturbations  occa- 
sioned by  the  action  of  neighbouring  planets,  is  taken  from  a 
memoir  by  Encke+. 

Days. 

From  1786  to  1795   1208.112 

"     1795  to  1805   1207.879 

"     1805  to  1819   1207.424 

Sir  John  Herschel  §  observes,  that  "  on  comparing  the  intervals 
between  the  successive  perihelion  passages  of  this  comet,  after  al- 
lowing, in  the  most  careful  and  exact  manner,  for  all  the  disturb- 
ances due  to  the  actions  of  the  planets,  a  very  singular  fact  has 
come  to  light,  viz.,  that  the  periods  are  continually  diminishing,  or, 
in  other  words,  the  mean  distance  from  the  sun,  or  the  major  axis 
of  the  ellipse,  dwindling  by  slow  but  regular  degrees.  This  is 
evidently  the  effect  which  would  be  produced  by  a  resistance  expe- 
rienced by  the  comet  from  a  very  rare  ethereal  medium  pervading 
the  regions  in  which  it  moves,  for  such  resistance,  by  diminishing 
its  actual  velocity,  would  diminish  also  its  centrifugal  force,  and 
thus  give  the  sun  more  power  over  it  to  draw  it  nearer.  Accord- 
ingly (no  other  mode  of  accounting  for  the  phenomenon  in  ques- 
tion appearing)  this  is  the  solution  proposed  by  Encke,  and  gene- 
rally received.  It  will,  therefore,  probably  fall  ultimately  into  the 
sun,  should  it  not  first  be  dissipated  altogether,  a  thing  no  way 
improbable,  when  the  lightness  of  its  materials  is  considered, 
and  which  seems  authorized  by  the  observed  fact  of  its  having 
been  less  and  less  conspicuous  at  each  reappearance." 

*  Opticks,  p.  327.  Query  22. 

t  Airy,  JReport  on  the  Progress  of  Astroyiomy,  in  the  Report  of  the  British 
Association  for  1833. 

J  Astrcnomische  Nachrichten,  Nos.  210,  211. 

§  Treatise  on  Astronomy  (in  Lardner's  Cyclopaedia^,  p.  309. 
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Leaving  these  speculations,  and  assuming,  then,  the  existence 
of  a  luniiniferous  ether,  I  proceed  to  point  out  the  properties 
such  a  fluid  must  be  supposed  to  possess. 

Ethereal  Molecules. — The  ether  consists,  or  is  made  up  of  mi- 
nute parts,  which  we  call  molecules,  between  which  there  must 
exist  attractive  and  repulsive  forces*,  in  virtue  of  which  the  ether 
possesses  extreme  elasticity.  Moreover,  there  appears  to  exist 
some  attractive  force  between  the  ethereal  molecules  and  the  par- 
ticles of  the  grosser  forms  of  matter.  Indeed,  Dr.  Young  supposed 
that  the  vibrating  medium  is  the  ether  and  ponderable  matter 
conjointly. 

But  instead  of  insisting  on  the  actual  existence  of  an  ethereal 
medium  composed  of  molecules,  we  "  may  be  content  to  look 
at  the  theory  simply  as  a  mathematical  system,  which  faithfully 
represents,  at  least,  a  wide  range  of  phenomena,  and  to  some 
extent  connects  the  laws  so  made  out  with  dynamical  principles 
regulating  the  motions  of  a  system  of  points,  combined  to  form 
an  elastic  system,  which,  for  brevity  and  illustration,  we  call 
molecules,  constituting  an  cethereal  medium  f." 

Ethereal  Waves. — If  we  suppose  the  existence  of  attractive  and 
repulsive  forces  between  the  ethereal  molecules,  it  follows,  that 
when  these  molecules  are  at  rest  or  have  attained  a  state  of  equi- 
librium, any  attempt  to  move  one  molecule  must  be  attended  with 
the  displacement  of  several  ;  for  the  motion  is  extended  to 
adjacent  molecules.  So  that  if  a  vibratory  movement  be  commu- 
nicated to  one,  it  is  extended  to  several.  Now,  an  assemblage  of 
vibrating  molecules,  in  all  phases  of  vibration,  constitutes  an  ethe- 
real wave.  These  vibrations  being  communicated  through  succes- 
sive portions  of  the  ethereal  medium,  reach  the  retina  or  expanded 
optic  nerve,  and  are  propagated  along  the  optic  nerve  to  the 
brain,  where  they  excite  in  us  the  sensation  of  light,  just  as  the 
vibrations  of  the  air  communicated  to  the  auditory  nerve,  and  from 
thence  to  the  brain,  produce  the  sensation  of  sound. 

The  number  of  impulses  made  by  the  ethereal  molecules  on  the 
retina  in  a  given  time,  determines  the  colour  of  the  light,  just  as 
the  number  of  impulses  by  the  aerial  molecules  on  the  auditory 
nerves  determines  the  pitch,  note,  or  tone  of  sound,  lience  co- 
lours are  to  the  eye  what  tones  are  to  the  ear. 

"From  Newton's  measures  of  the  thicknesses  reflecting  the 
difFerenl  colours,  the  breadth  and  duration  of  their  respective 


*  See  a  paiper  by  Mr.  Earnshaw,  On  the  Nature  of  the  Molecular  Forces 
which  regulate  the  Constitution  of  the  Luminiferous  Ether,  in  the  Transactions 
of  the  Cambridge  Philosophical  Society,  vol.  vii.,  part  1. 

t  A  Geneiral  and  Elementary  View  of  the  Undidatory  Theory,  as  applied  to 
the  Dispersion  of  Light.   By  the  Rev.  Baden  Powell,  1841,  pp.  4  and  5, 
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undulations  may  be  very  accurately  determined.  The  whole 
visible  spectrum  appears  to  be  comprised  within  the  ratio  of 
three  to  five,  which  is  that  of  a  major  sixth  in  music  ;  and  the 
undulations  of  red,  yellow,  and  blue,  to  be  related  in  magnitude- 
as  the  numbers  8,  7,  and  6  ;  so  that  the  interval  from  red  to 
blue  is  a  fourth.  The  absolute  frequency  expressed  in  numbers 
is  too  great  to  be  distinctly  conceived,  but  it  may  be  better 
imagined  by  a  comparison  with  sound.  If  a  chord  sounding  the 
tenor  c,  could  be  continually  bisected  forty  times,  and  should  then 
vibrate,  it  would  afford  a  yellow  green  light :  this  being  denoted 
by  c,  the  extreme  red  would  be  f,  and  the  blue  q.  The  absolute 
length  and  frequency  of  each  vibration  is  expressed  in  the  table*;" 
supposing  light  to  travel  at  the  rate  of  192,000  miles  per  second. 


Colours. 

Length  of  an 
Undulation  in 
parts  of  an  inch 
in  Air. 

Number  of 
Undulations  in 
an  inch. 

Number  of  Undulations 
in  a  second. 

.0000266 

37640 

458  millions  of  millions. 

Eed  

.0000256 

39180 

477 

ii 

Interraediate  ... 

.0000246 

40720 

495 

a 

.0000240 

41610 

506 

Intermediate . . . 

.0000235 

42510 

517 

YeUow   

.0000227 

44000 

535 

Intermediate  . . . 

.0000219 

45600 

555 

.0000211 

47460 

577 

Intermediate  ... 

.0000203 

49320 

600 

it 

.0000196 

51110 

622 

a 

Intermediate . . . 

.0000189 

52910 

644 

<( 

.0000185 

54070 

658 

Intermediate . . . 

.0000181 

55240 

672 

C( 

.0000174 

57490 

699 

Extreme  

.0000167 

597.50 

727 

Mean  of  all,  or  white 

.0000225 

44440 

541 

n 

There  is  a  limit  to  the  sensibility  of  both  ear  and  eye;  that  is, 
a  certain  number  of  impulses  must  be  made  in  a  given  time  on 
these  organs  before  we  become  sensible  of  them  ;  and  if  we  go  on 
augmenting  the  number,  we  cease  to  be  sensible  of  them  after  a 
certain  time.  Now,  the  limits  of  sensibility  of  the  eye  are  much 
more  confined  than  those  of  the  ear  ;  or,  in  other  words,  the  sen- 
sibility ceases  much  sooner  in  the  case  of  the  eye  than  in  that  of 
the  ear. 

*  Dr.  Young's  Course  of  Lectures  on  Natural  Philosophy,  vol.  ii.  p.  627. 
The  above  table  is  also  taken  from  this  work.  Dr.  Young  calculated  the 
velocity  of  Ught  at  500,000  million  feet  in  8^  minutes  ;  but  I  have  adopted 
Sir  John  Herschel's  assumption  of  192,000  miles  per  second,  which  makes 
the  numbers  in  the  fourth  column  of  the  table  different  to  those  given  by 
Young. 
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The  following  is  the  range  of  the  human  hearing  according  to 
Biot*.— 


Number  of 

Length 

Vibrations  in 

of  Sonorous 

one  second. 

Waves. 

Feet  in. 

Commencement  of  appreciable  Sounds  

32 

32  0 

64 

16  0 

128 

8  0 

256 

4  0 

512 

2  0 

1024 

1  0 

2048 

0  6 

4096 

0  3 

8192 

0  li 

But  the  actual  range  varies  in  different  individuals,  and  we 
shall  not  be  far  from  the  truth  if  we  assume,  with  Dr.  WoUastonf 
and  Sir  John  Herschel^,  that  the  whole  range  of  human  hearing 
includes  about  nine  octaves.  ^ 

Now  on  comparing  the  range  of  human  hearing  with  that 
of  vision,  we  find  the  relative  limits  of  the  two  senses  to  be  as 
follows  : — 

Et/e.  Ear. 

Commencement  of  sensibility  .  1  .  .  .  .  1 
Cessation  of  ditto  ,    .  ]024 

It  is  highly  probable,  however,  that  the  range  of  human  vision, 
like  that  of  hearing,  is  subject  to  variation  in  different  individuals. 

From  these  observations,  then,  it  will  be  understood,  that, 
according  to  the  undulatory  theory,  the  colour  of  the  light 
depends  on  the  lengths  of  the  waves,  or  on  their  number  in  a 
given  time.  Thus  red  has  the  largest  waves,  and,  therefore, 
the  smallest  number  in  a  given  time  ;  while  violet  has  the  shortest 
waves,  and,  therefore,  the  greatest  number  in  a  given  time. 

The  intensity  of  the  light  depends  on  the  amplitude  or  extent 
of  excursion  of  the  ethereal  molecules  from  their  points  of  rest ; 
or  in  other  words,  on  the  height  of  the  wave.  Just  as  when  we 
make  a  cord  sound,  we  find  that  the  sound  diminishes  in  pro- 
portion to  the  diminution  of  the  amplitude  of  the  oscillations. 

Vibrations. — The  vibrations  of  the  ethereal  molecules  may  be 
rectilinear  or  curvilinear.  It  is  not  easy  to  give  a  popular  illus- 
tration of  the  first,  which,  however,  may  be  easily  conceived  ; 
but  the  motion  of  a  pendulum  is  an  excellent  example  of  curvi- 

*  Precis  Elementaire  de  Physique,  vol.  i.  p.  324. 
t  Phil  Trans.  1820,  p.  306. 

J  Enci/clopcEdia  Metropolitana,  art.  Sound,  p.  7S2. 
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linear  motion.  A  ball,  suspended  by  a  string,  describes  in 
vibrating  a  curved  line,  or,  in  other  words,  it  vibrates  in  the  arc 
of  a  circle. 

An  assemblage  of  molecules,  vibrating  rectilinearly ,  in  the 
same  plane,  and  in  all  phases  of  their  vibrations,  constitutes  a 
plane  wave.  An  assemblage  of  molecules,  vibrating  curvilinear ly 
or  rotating,  the  rotation  or  vibration  of  every  molecule  being 
made  in  parallel  planes,  constitutes  what  may  be  termed  a  spiral 
or  helicoidal  wave.  If  the  molecule  revolve  in  a  circle,  the  wave 
is  circular  ;  if  in  an  ellipse,  the  wave  is  elliptical. 

All  motion  being  naturally  rectilinear,  it  follows,  that  when  we 
see  a  body  moving  in  a  curve  of  any  kind,  we  conclude  that  it 
must  be  under  the  influence  of  at  least  two  forces  ;  one  putting  it 
in  motion,  and  another  drawing  it  off  from  the  rectilinear  course, 
which  it  would  otherwise  have  continued  to  move  in.  The  cause 
of  these  curvilinear  movements  of  the  ethereal  molecules  will  be 
subsequently  explained. 

g  The  Rev.  Professor  Baden  Powell  has  contrived  an 
ingenious  machine,  for  showing  in  what  manner  rec- 
tilinear and  curvilinear  vibrations  produce  respectively 
plane  and  helicoidal  (circular  or  elliptical)  waves.  It 
is  founded  upon  this  geometrical  construction  :  a  finite 
line,  P  Q,  moves  always  through  the  point  C,  and 
with  its  end  P  always  in  the  circumference  of  a  given 
circle,  whose  centre  is  A  ;  the  end  Q  will  describe  a 
certain  curve,  which  appears  upon  analysis  to  be  one 
of  a  high  order,  but  having  in  general  some  sort  of 
oval  form,  which  varies  as  the  distance  ^  C  is  altered. 
If  J.  C  be  very  great  compared  with  the  radius  of  the 
circle,  Q  will  move  up  and  down,  almost  in  a  straight 
line  :  if  A  C  he  somewhat  less,  its  path  will  resemble 
an  ellipse;  if  still  less,  it  will  be  more  rounded  or  re- 
semble a  circle. 

Upon  this  the  machine  is  constructed  as  follows  (/I  and  C  cor- 
respond in  both  diagrams) : 

The  lower  part  consists  of  a  stout  iron  wire  bent  into  a  series  of 
cranks,  of  which  the  two  extremes  are  in  the  same  position,  e.  g. 
downwards  ;  the  middle  one  vertical,  and  the  intermediate  ones 
at  intermediate  inclinations.  Attached  to  each  crank  by  a  hinge 
or  joint,  is  a  long  rod,  R  R',  &c.,  which  passes  through  an  aper- 
ture in  a  cross-bar,  C  C,  at  the  top.  The  top  of  this  rod  is  made 
conspicuous  by  an  ivory  ball  or  a  ball  painted  white,  B,  the  rest  of 
I  he  apparatus  being  painted  black.  The  bar  C  C  is  attached 
to  the  supports  A  C  A'  C,  by  screws,  and  can  be  removed 
(without  changing  the  rods)  from  D  D  to  the  positions  D'  D', 
or  D"  D".  The  proportions  of  the  machine  are  not  essential,  but 
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only  that  the  length  of  the  rods  should  be  great  compared  with 
that  of  the  cranks.  When  the  bar  is  at  2)  D,  on  turning  the 
handle  a  plane  polarized  wave  is  produced  by  the  balls;  when  at 
D'  D'  an  elliptical  one  ;  and  when  at  D"  D"  a  circular  one — that 
is,  what,  for  illustration,  and  to  the  eye,  may  be  considered  so. 
If  the  distance  A  D"  be  eighteen  inches,  A  V  should  be  about 
twenty-four,  and  A  D  about  thirty-six  inches  ;  but  these  are  not 
material  as  to  exactness. 

Mr.  E.  M.  Clarke,  philosophical  instrument-maker,  of  the 
Strand,  has  constructed  this  instrument  without  cranks.  The 
upright  rods  are  attached  inferiorly  to  metallic  rings,  through 
each  of  which  runs  an  axis,  A  A' ;  and  on  this  axis  the  rings  are 
fixed  in  a  spiral  or  helicoidal  manner. 

Fig.  9. 


Pnifessor  Powell's  Machine,  as  constructed  by  Mr.  Clarke. 

Transversal  Vibrations. — I  come  now  to  a  most  important 
part  of  the  undulatory  hypothesis — that  by  which  the  phenomena 
of  polarized,  as  distinguished  from  those  of  common  or  un- 
polarized,  light  are  accounted  for.  I  refer  now  to  the  hijpothesis 
of  transversal  vibrations,  first  suggested,  [  believe,  by  Dr.  Young, 
but  most  admirably  developed  and  applied  by  Fresnel. 

"  The  existence  of  an  alternating  motion  of  some  kind,  at 
minute  intervals  along  a  ray,  is,"  says  Professor  Powell,*  "  as 
real  as  the  motion  of  translation  by  which  light  is  propagated 
through  space.  Both  must  essentially  be  combined  in  any  cor- 
rect conception  we  form  of  light.    That  this  alternating  motion 


*  A  General  and  Elementary  View  of  the  Undiilaturi/  Theory,  p.  4. 


28 


ON  THE  POLARIZATION  OF  LIGHT. 


must  have  reference  to  certain  directions  transverse  to  that  of 
the  ray  is  equally  established  as  a  consequence  of  phenomena — 
and  these  two  principles  must  form  the  basis  of  any  explanation 
which  can  be  attempted." 

In  order  to  understand  transversal  vibrations,  let  us  first  con- 
sider how  waves  of  water,  and  of  other  liquids,  are  formed.  If 
a  stone  be  thrown  into  a  pond,  there  is  formed  a  system  or  group 
of  waves,  which  commences  at  the  spot  where  the  stone  impinges, 
and  gradually  extends  outwards  in  the  form  of  concentric  circles. 
The  aqueous  particles  in  the  centre  are  forced  down,  and  the 
surrounding  ones  thereby  urged  upwards  above  the  normal  level 
of  the  water.  In  this  way  the  central  depression,  and  the  first 
or  innermost  circular  heap,  are  formed.  But  gravity  soon  causes 
this  heap  to  subside,  and  fill  up  the  central  depression,  while  by 
its  downward  progress  it  acquires  momentum,  and  thereby 
descends  below  its  normal  level,  thus  not  only  giving  rise  to  a 
circular  depression,  but  causing  the  formation  of  another  and 
outer  circular  heap  by  the  elevation  of  the  neighbouring 
particles.  In  this  way  the  waves  gradually  extend  outwards. 
It  is  obvious,  then,  that  in  waves  of  liquids,  the  directions  of 
vibration  of  the  molecules  is  vertical,  or  nearly  so,  while  the 
propagation  of  the  waves  is  horizontal. 

In  a  vibrating  cord,  the  vibrations  ore  rectangular  to  the 
•propagation  of  the  undulations  along  the  cord. 

In  luminous  waves,  the  direction  of  vibration  is  supposed  by 
Fresnel  to  be  transverse  to  the  direction  of  propagation  ;  and  the 
more  recent  researches  of  Cauchy  seem  to  have  established  the 
doctrine  of  transversal  vibrations;  but  he  assumes  a  third  vibra- 
tion, namely,  one  parallel  to  the  ray,  so  that,  according  to  him, 
the  motions  of  the  molecules  take  place  in  three  rectangular 
axes.  The  necessity  for  this  third  axis  of  vibration,  parallel  to  the 
ray,  seems  to  be  derived  from  the  phenomena  of  dispersion. 

Now,  polarized  light,  on  the  wave  hypothesis,  is  light  which 
has  only  one  plane  of  vibration  ;  whereas  common  or  unpolarized 
light  consists  of  light  having  two  or  more  planes  of  vibrations, 
of  which  two  must  be  rectangular — that  is,  after  the  molecules 
have  vibrated  in  one  plane,  they  change  their  vibration  to 
another  plane.  So  that  common  light  consists  in  a  rapid  suc- 
cession of  waves  in  which  the  vibrations  take  place  in  different 
planes.  It  does  not,  however,  appear  that  the  planes  of  vibration 
are  continually  changing;  but  that  in  each  system  of  waves, 
there  are  probably  several  hundred  successive  vibrations,  which 
are  all  performed  in  the  same  |)lane  ;  although  the  vibrations 
of  one  system  bear  no  relation  to  those  of  another.  Thus,  then, 
we  call  that  light  polarized,  in  which  all  the  vibrations  take 
place  in  one  plane;  but  when  vibrations  are  succeeded  rapidly 
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by  other  vibrations  in  an  opposite  plane,  the  two  waves  though 
separately  called  polarized,  are  together,  termed  unpolarized 
or  common  light ;  so  that,  as  Fresnel  has  observed,  common  light 
is  merely  polarize'l  light,  having  two  planes  of  polarization  at 
right  angles  to  each  other. 

Thus,  then,  I  have  now  replied  theoretically,  as  well  as  prac- 
tically, to  the  question,     What  is  polarized  light  ?" 

Partially  polarized  light  consists,  according  to  Sir  John 
Herschel,  of  two  unequally  intense  portions;  one  completely 
polarized,  the  other  not  at  all.  Sir  David  Brewster,  however,  re- 
gards it  as  light  whose  planes  of  polarization  are  inclined  at  an- 
gles less  than  90°.  But  to  the  latter  view  some  objections  have 
been  raised  by  Mr.  Lloyd. 

In  the  following  diagram,  let  the  straight  lines  represent  the 
directions  in  which  the  ethereal  molecules  are  supposed  to  vibrate. 
Then  A  B  and  CD  will  represent  the  direction  of  vibration  ot 
the  ethereal  molecules  of  two  oppositely  polarized  rays ;  A  B' 
C  D'  the  two  rectangular  directions  of  vibration  of  a  ray  of  com- 
mon or  unpolarized  light ;  and  A"  B"  C"  D"  a  ray  of  partially  po- 
larized light,  according  to  Sir  D.  Brewster's  hypothesis. 

Fig.  10. 


''The  difference  between  a  polarized  and  an  ordinary  ray  of 
light,"  says  Sir  John  Herschel,  "can  hardly  be  more  readily 
conceived  than  by  assimilating  the  latter  to  a  cylindrical,  and  the 
former  to  a  four-sided  prismatic  rod,  such  as  a  lath  or  a  ruler, 
or  other  long,  flat,  straight  stick." 

In  order  to  illustrate  Fresnel's  notion  of  transversal  vibrations, 
and  of  the  hypothetical  difference  between  common  and  polarized 
light,  painted  card  models  are  very  convenient.  A  piece  of  card- 
board is  cut  out  in  a  waved  or  undulated  form,  so  that  the 
curves  of  the  upper  and  lower  edges  accord.  Then,  midway  be- 
tween these  edges,  a  row  of  circular  black  spots  is  painted  on  the 
card  :  these  are  to  represent  the  ethereal  molecules,  while  the 
card-board  represents  the  plane  of  vibration.  A  single  card  thus 
cut  and  painted  serves  to  illustrate  a  ray  of  plane-polarized  light 
(Fig  A) :  two  of  them  placed  side  by  side,  with  their  planes  at  right 
angles  to  each  other,  B,  represent  the  two  oppositely-polarized 
rays  produced  by  a  double  refracting  prism,  while  two  so 
placed  that  they  mutually  cross,  represent  common  light,  C 
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Fig.  11. 


We  are  now  prepared  to  understand  bow  common  light  becomes 
polarized.  In  the  case  of  tlie  doubly  refracting  bodies  the  two 
planes  separate,  for  reasons  that  will  be  explained  in  the  next 
lecture  ;  and  as  the  two  waves  have  the  planes  of  their  vibrations 
at  right  angles  to  each  other,  we  see  now  how  the  rays  are  said 
to  be  oppositely  polarized.  As  these  two  waves  are  propagated 
with  different  velocities,  they  in  consequence  follow  different 
paths.  The  tourmaline  likewise  separates  the  two  planes ;  but 
it  gradually  extinguishes  the  one,  by  offering  such  an  impediment 
to  its  progress  that  its  vibrations  are  destroyed.  The  agency  of 
the  rejlecfing  plate  in  polarizing  light  may  also  be  readily  ac- 
counted for.  When  a  ray  of  common  light  falls  on  a  transparent 
surface,  at  a  certain  angle,  its  planes  of  vibration  are  resolved  into 
two,  one  of  which  is  transmitted^  the  other  reflected;  both  are 
polarized,  but  oppositely. 

The  action  of  the  analyzer  or  test  may  also  be  easily  under- 
stood. Suppose  the  analyzer  to  be  a  reflecting  plate':  if  this 
plate  be  at  the  same  angle  to  the  ray  as  the  polarizing  plate, 
the  vibrations  will  be  reflected  when  the  planes  of  reflexion  of 
the  polarizing  and  analyzing  plates  coincide — but  will  be  trans- 
mitted (that  is  not  reflected)  when  the  planes  are  at  right  angles 
to  each  other.  Suppose  the  analyzer  to  be  a  tourmaline  plate  : 
in  one  position  this  plate  permits  the  vibrations  to  be  transm.itted, 
but  in  a  position  perpendicular  to  this  it  destroys  them.  So 
that  in  these  two  rectangular  directions,  the  crystal  of  tourmaline 
must  possess  unequal  elasticities  ;  for  the  motion  or  vibration  is 
transmitted  in  the  one,  but  stifled  or  destroyed  in  the  other 
direction.  Suppose  the  analyzer  to  be  a  rhombohedron  of  Ice- 
land spar;  in  either  of  two  rectangular  directions  the  vibrations 
of  the  polarized  incident  ray  are  propagated  unchanged,  but  at  an 
angle  of  45*^  to  either  of  these  positions,  the  plane  of  vibration  of 
the  incident  ray  is  resolved  into  two  rectangular  planes,  each  of 
which  forms  an  angle  of  45°  with  the  incident  ray. 
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Interferences  of  Light. — It  is  a  law  in  dynamics,  that  the 
velocity  produced  by  two  joint  forces,- when  they  act  in  the  same 
direction,  will  be  as  the  sum  of  the  forces.  Hence  if  two 
waves,  all  of  whose  parts  respectively  coincide,  meet,  it  is  evident 
that  their  velocities  will  be  doubled.  Whether  the  vibrating 
medium  be  water,  air  (sound),  or  ether  {light),  this  statement 
holds  good  :  the  intensity  of  the  waves  is  doubled. 

But  the  velocity  of  two  joint  forces,  when  they  act  in  opposite 
directions,  will  be  as  their  differences.  Hence,  if  a  wave  (of  water, 
air,  or  ether)  be  half  an  undulation  behind  another  wave,  the 
velocities  of  the  two  are  mutually  destroyed.  When  stones  are 
thrown  into  a  pond,  and  two  groups  of  waves  cross  each  other  on 
its  surface,  there  are  points  at  which  the  water  remains  immove- 
able when  the  two  systems  are  nearly  of  the  same  magnitude, 
while  there  are  other  places  in  which  the  force  of  the  water  is 
augmented  by  their  concurrence.  If  two  sonorous  undulations 
differ  a  little  from  each  other  in  frequency,  they  alternately  tend 
to  destroy  each  other,  and  to  acquu-e  a  double,  or,  perhaps,  a 
quadruple  force  ;  and  the  sound  gradually  increases  and  dimi- 
nishes in  continued  succession  at  equal  intervals.  This  alternate 
intension  and  remission  is  called  a  beat. 

Pjj^  In  the  same  way,  the  waves  of  the 

luminiferous  ether  interfere,  and,  mutu- 
ally destroying  each  other,  cause  dark- 
ness. This  important  fact,  that  under 
some  circumstances,  light  added  to  light 

 ^     causes  darkness — a  fact  apparently  fatal 

to  the  projectile  theory  of  light — was  first 
established  by  Dr.  Young.  This  distin- 
guished philosopher — whose  attainments 
and  knowledge  were  insufBciently  esti- 
mated  while  he  was  living — passed  a  sun- 
beam through  a  hole  (0)  made  with  a 
fine  needle  in  thick  paper,  and  brought 

7 into  the  diverging  beam  a  slip  of  card 
(A  B)  one-thirtieth  of  an  inch  in  breadth, 
and  observed  its  shadow  (E  F)  on  a  white 
screen,  at  different  distances.  The 
shadow  was  divided  by  parallel  bands, 
but  the  central  line  (X)  was  always 
white.  That  these  bands  originated  in  the  interference  of  the 
light  passing  on  both  sides  of  the  card,  Dr.  Young  demonstrated 
by  simply  intercepting  the  light  on  one  side  by  a  screen  (C  D), 
leaving  the  rays  on  the  other  side  to  pass  freely.  In  this  arrange- 
ment all  the  fringes  which  had  before  existed  in  the  shadow  im- 
mediately disappeared,  although  the  light  inflected  on  the  edge 
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(A)  was  allowed  to  retain  its  course.  The  same  result  took  place 
when  the  intercepting  body  was  at  C  D,  before  the  edge  B  of 
the  body. 

By  a  series  of  wooden  sliders,  originally  contrived  by  Young*, 
but  jput  into  a  very  convenient  form  for  use  in  the  lecture-room, 
by  my  friend  Mr.  Woodward,  the  interference  of  waves  may  be 
neatly  illustrated.  By  this  apparatus  it  will  be  seen  that  when 
the  difference  amounts  to  2,  4,  6,  or  other  even  number  of  half 
undulations,  the  waves  coincide  and  mutually  augment  their 
intensities;  while,  when  the  difference  amounts  to  1,  3,  5,  or 
other  odd  number  of  half  undulations,  there  is  discordance  and 
mutual  destruction.  Now  it  will  be  perceived,  that  these  num- 
bers coincide  with  those  referred  to  by  Newton,  as  expressive  of 
his  fits  of  transmission  and  reflection. 

If  two  waves  of  homogeneous  or  monochromatic  light  interfere, 
the  result  will  be  an  augmentation  or  diminution  of  brilliancy, 
or  complete  destruction.  The  light  is  augmented  when  the  waves 
accord— but  is  lessened  or  destroyed  when  they  are  mutually 
opposed.  Hence  Newton's  rings,  seen  by  homogeneous  light, 
are  merely  dark  and  light  bands  of  one  and  the  same  colour. 

But  if  two  waves  of  heterogeneous  or  white  light  interfere, 
the  result  will  be  the  production  of  vivid  coloured  fringes. 
Certain  colours  are  destroyed,  while  others  remain,  or  have  their 
brilliancy  augmented. 

It  is  a  law  in  dynamics,  that  a  body  acted  upon  by  two  forces 
united,  will  describe  the  diagonal  of  a  parallelogram  in  the  same 
time  in  which  it  would  have  described  its  sides  by  the  separate 
action  of  those  forcesf.  Hence,  if  two  waves,  whose  molecules 
are  in  the  same  phases  of  vibration,  but  whose  planes  of  vibra- 
tion are  more  or  less  angular,  say  rectangular,  to  each  other, 
the  only  effect  produced  is  an  alteration  of  the  plane  of 
vibration. 

This  is  an  explanation  of  a  fact  discovered  by  Fresnel,  and 
laid  down  by  him  as  a  law,  that  "  two  rays  of  light,  polarized 
at  right  angles  to  each  other,  exhibit  none  of  the  phenomena  of 
interference,"  that  is,  they  produce  no  colours  or  fringes. 

If  both  the  forces  act  upon  a  body  in  such  a  manner  as  to 
move  it  uniformly,  the  diagonal  described  will  be  a  straight  line  ; 
but  if  one  of  the  forces  acts  so  as  to  make  the  body  move  faster 
and  faster,  then  the  line  described  will  be  a  curve.  Now  this 
dynamical  law  explains  how  two  plane  luminous  waves,  whose 
molecules  are  vibrating  in  rectangular  planes,  by  their  mutual 
action,  produce  a  circular  or  elliptical  wave.     For  if  two 

*  Lectures  on  Natural  Philosophy,  vol.  i.,  p.  390,  plate  xxv.,  fig.  352  D. 
t  This  fact  was  demonstrated  by  a  neat  machine,  invented  by  Mr.  E.  M. 
Clarke,  of  the  Strand. 
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systems  of  waves  of  equal  intensity,  and  polarized  in  rectangular 
planes,  differ  in  their  progress  ^  of  an  undulation,  the  compound 
movement  which  they  will  communicate  to  each  molecule,  instead 
of  bemg  rectilinear,  as  in  the  two  fasciculi  considered  separately, 
mil  be  circular,  and  will  be  performed  with  uniform  velocity. 
But  if  the  difference  of  progress,  instead  of  being  an  even  or 
an  uneven  number  of  |thof  undulations,  be  a  fractional  number, 
the  vibratory  movements  will  be  neither  rectilinear,  nor  circular, 
but  elliptical. 

Here  is  an  apparatus  (fig.  13),  contrived,  I  am  informed,  by 
Professor  Wheatstone,  which  illustrates  how  two  rectangularly 
polarized  rays  of  light  may  influence  each  other.  It  consists  of  a 
series  of  rods  disposed  horizontally  in  an  undulated  form,  so  as  to 
represent  a  system  of  plane  waves.  One  end  of  each  rod  is  ren- 
dered conspicuous  by  a  white  ball,  and  it  will  be  seen,  that,  as  now 
arranged,  all  the  balls  (which  represent  a  line  of  etherial  mole- 
cules) are  in  one  plane,  A.  If  now  a  block  of  wood,  B,  cut  so  as  to 
represent  a  system  of  plane  waves  of  equal  size  to  those  repre- 
sented by  the  rods,  be  pressed  against  the  balls,  so  that  the  two 
systems  of  waves  acton  each  other  in  a  rectangular  direction, 
then,  when  the  waves  coincide,  the  plane,  in  which  the  balls  lie, 
changes,  and  becomes  diagonal,  as  in  C ;  whereas,  if  the  block 
be  so  applied  to  the  balls,  that  the  two  systems  of  waves  do  not 
coincide,  then  the  balls  no  longer  remain  in  one  plane,  but 
become  placed  in  a  helicoidal  manner,  representing  a  circular  or 
elliptical  wave,  as  in  D. 

Fig.  13. 


With  these  remarks  I  finish  the  theory  of  light,  and  have  now 
arrived  at  the  subject  of  Coloured  Polarization. 
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lp:cture  II. 


3.  COLOURED  POLARIZATION. 

When  an  excessively  thin  film  of  a  doubly  refracting  crystal  is 
placed  in  the  polariscope,  that  is,  between  the  polarizing  and 
analyzing  plates,  the  most  gorgeous  colour  or  colours  appear, 
and  when  the  analyzer  is  rotated  on  its  axis  they  change  to 
complementary  tints.  If  the  film  be  of  uniform  thickness,  the  co- 
lour is  uniform  •,  but  if  the  film  be  of  irregular  thickness,  dif- 
ferent colours  are  perceived. 

In  order  to  produce  colour,  it  is  necessary  to  use,  first,  bl  po- 
larizer, as  a  tourmaline,  a  doubly  refracting  prism,  or  a  reflecting 
plate  ;  secondly,  a  Jilm  of  a  doubly  refracting  crystal,  called  the 
depolarizer ;  and,  thirdly,  an  analyzer  or  test,  as  a  tourmaline,  a 
reflecting  plate,  or  a  doubly  refracting  prism. 

The  office  of  the  polarizer  is  indicated  by  its  name  ;  it  po- 
larizes the  light.  Without  this  no  colour  is  perceived,  for  a  reason 
which  will  be  hereafter  explained. 

The  doubly  refracting  Jilm,  called  the  depolarizer,  receives 
the  light  thus  polarized,  and  doubly  refracts  it.  That  is,  a  sys- 
tem of  waves,  constituting  the  incident  ray,  entering  the  crystal- 
line film,  is  resolved  into  two  systems  of  equal  intensities  within 
it.  These  form  respectively  the  ordinary  and  extraordinary  rays 
(fig.  14,  0  and  E).  They  are  polarized  in  planes  +45°  and — 45® 
to  that  of  the  incident  system,  so  that  the  plane  of  polarization 
of  the  ordinary  system  forms  an  angle  of  90°  with  that  of  the  ex- 
traordinary system. 

Now,  the  two  systems  of  waves  thus  produced  traverse  the 
crystal  in  different  directions  and  with  different  velocities  ;  but 
as  the  film  or  plate  is  excessively  thin,  they  emerge  superposed. 
One  set  proceeds  through  the  crystal  more  slowly  than  the  other ; 
or,  in  the  language  of  a  distinguished  writer  on  this  subject,  one 
set  lags  behind  the  other:  so  that  at  their  emergence  they  are 
found  to  be  in  different  phases  of  vibration. 

By  the  analyzer  each  of  the  two  systems  (O  and  E)  is  resolved 
into  two  other  systems  {Oo  Oe  and  Ee  Eo),  so  that  now  four 
systems  or  two  pairs  are  produced. 

But  the  vibrations  of  these  four  systems  are  made  in  two  planes  : 
that  is,  two  in  one  plane,  and  the  other  two  in  a  second  plane, 
which  is  rectangular  to  the  first.  Now,  as  the  two  vibrations  which 
are  made  in  the  same  plane,  are  not  in  the  same  phase  (the  one 
system  having  suffered  a  greater  retardation  than  the  other),  the 
waves  interfere  and  produce  colour  (if  the  incident  light  be 
white).  But  the  two  vibrations  of  the  one  plane  conspire,  while 
those  of  the  other  plane  are  opposed.  Hence  the  tint  or  colour 
produced  by  the  interference  of  the  waves,  in  one  plane,  is  com- 
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plementary  to  that  produced  in  the  other  plane.  So  that  if  the 
analyzer  be  a  doubly  refracting  prism,  both  complementary  co- 
lours are  seen  by  transmission;  but  if  it  be  a  reflector,  one  is 
reflected  and  the  other  transmitted  ;  whereas,  if  it  be  a  tourmaline, 
one  is  transmitted,  while  the  other  is  suppressed,  extinguished 
or  stifled. 

Fig.  14. 


JilJJ 

"ililinin 

1 

o 

Production  of  Compkmentary  Tints, 

A .  A  ray  of  common  or  unpolarized  light  incident  on  B. 

B.  The  polarizer  (a  plate  of  tourmaline), 

C.  A  ray  of  plane  polarized  light  incident  on  D. 

D.  The  doubly  refracting  film  or  depolarizer, 

O  The  o^dmary  ra7      }  P''°'l'»<=ed  by  the  double  refraction  of  the  ray  C. 
G.  The  analyzer  (a  doubly  refracting  prism). 

JE^.The  ordinary  ray  \  produced  by  the  double  refraction  of  the  extraordinary 
~  '5  lay  S. 


Oo.  The  ordinary  ray        j  produced  by  the  double  refraction  of  the  ordinary  ray  O. 


Ee.  The  extraordinary  ray 
Oo.  The  ordinary  ray 
Oe.  The  extraordinary  ray 

To  render  somewhat  more  intelligible  the  cause  of  the  colours 
being  complementary,  and,  therefore,  to  explain  what  is  meant 
by  the  conspiration  and  opposition  of  vibrations,  let  us  suppose 
the  vibrations  of  the  polarized  light  (C,  fig.  14)  to  be  made  in  the 
plane,  C  P,  fig.  15;  and  to  give  more  precision  to  our  ideas,  let 
us  further  suppose  that  the  molecule  C  is,  at  a  given  instant, 
moving  from  C  towards  P. 

The  doubly  refracting  film  resolves  this  motion  into  two  other 
motions,  performed  at  right  angles  to  each  other,  one  in  the 
direction  C  0,  the  other  in  the  direction  C E.  The  waves  pro- 
duced by  the  vibrations  in  the  plane  C  0,  we  shall  suppose  to 
constitute  the  ordinary  system,  while  those  in  the  plane  C  E  form 
the  extraordinary  system.  But  the  plate  is  much  too  thin  to 
have  produced  between  these  two  systems  any  sensible  separation. 

Each  of  these  motions  is  resolved,  by  the  analyzer,  into  two 
others  at  right  angles  to  each  other.  That  is,  the  vibration  C  O 
is  resolved  into  the  vibrations  C  Oo  and  C  Oe;  while  the  vibra- 
tion CE  \s  resolved  into  the  vibrations  C  Eo  and  C  Ee.  Now, 
it  is  obvious,  that  the  two  motions  C  Oo  and  C  Eo  act  in  the 
same  direction,  or,  in  other  words,  they  conspire,  or  strengthen 
each  other;  while  the  motions  C  Oe  and  C  Ee,  though  performed 
in  the  same  plane,  oppose  or  destroy  each  other. 
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Fig.  15. 
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By  rotating  the  analyzer  the  reverse  happens :  C  Oo  and  C  Eo 
oppose  or  deslroy  each  other,  while  C  Oe  and  C'JE'e  conspire, 
or  strengthen  each  other,  as  in  fig.  16. 


Fig.  16. 
Oe  Oo 


Ee 


'J%  C 


Thus,  then,  the  original  polarized  ray(C,  fig.  14)  has  been  resolved 
into  four  rays,  two  polarized  in  one  plane,  and  the  other  two  polar- 
ized in  a  plane  rectangular  to  this.  The  two  rays  which  interfere 
and  destroy  each  other,  diflfer  by  half  an  undulation.  The  colour 
produced  by  the  interference  of  the  conspiring  rays,  corresponds 
to  the  difference  of  the  routes  of  the  two  polarized  rays  in  the 
plate  or  film,  while  that  which  results  from  the  interference  of 
the  opposing  rays,  is  that  which  is  due  to  the  same  difference 
augmented  or  diminished  by  half  an  undulation.  In  the  case 
above  noticed,  in  which  CO  e  and  C  Ee  (fig.  15)  are  opposed, 
the  colour  corresponds  to  the  difference  plus  half  an  undulation. 

But  it  may  be  asked,  What  is  the  use  of  the  polarizing  plate? 
What  is  the  reason  that  no  colour  is  perceived  if  the  light  which 
is  incident  on  the  double  refracting  film  be  common  orunpolarized  ? 
To  explain  this,  let  us  suppose  that  a  ray  of  common  or  unpo- 
larized  light  consists  of  two  rays  rectangularly  polarized.  Each 
of  these  rays  will  sufter  the  same  series  of  divisions,  subdivisions, 
and  interferences  as  the  former ;  but  the  tints  produced  by  the  one 
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ray  will  be  complementary  to  those  of  the  other;  so  that  we  shall 
thus  obtain  two  pairs  of  complementary  tints,  and  as  the  tints  of 
each  pair  will  emerge  superposed,  they  will  neutralize  each  other, 
and  the  resulting  light  will  be  of  uniform  whiteness. 

Thus  1st  PAIR  OK         ad  PAIR  Of 

'  TINTS.  TINTS. 

Suppose  the  two  complementary  tints  produced 

by  one  ray  to  be   Green   and  Eed. 

Those  produced  by  the  second  ray  will  be   Red       "  Green. 

And  the  sum  of  each  pair  will  be    White.  White. 

For  red  and  green  are  complementary  tints,  and  produce  by 
their  union  white  light,  as  I  have  already  demonstrated. 

The  office  of  the  doubly  refracting  film,  called  the  depolarizer, 
is  to  doubly  refract  the  polarized  light.  It  prepares  the  rays  for 
the  changes  which  they  have  ultimately  to  undergo  and  by  which 
colour  is  to  be  produced.  The  thickness  of  the  film  or  crystalline 
plate  determines  the  tint;  but  the  actual  thickness  required  to 
produce  a  given  tint  depends  on  the  nature  of  the  crystal.  By 
this  plate  or  film  two  rectangularly  polarized  systems  of  waves 
are  produced,  which  traverse  the  plate  in  different  directions  and 
with  different  velocities,  and  emerge  in  different  phases  of  vibra- 
tion. Now  as  they  are  superposed,  and  as  the  retardation  amounts 
only  to  a  few  undulations  and  parts  of  an  undulation,  it  might  be 
supposed  that  colour  would  be  produced  by  their  interference. 
But  I  have  already  stated  that  two  rectangularly  polarized  rays 
do  not  interfere,  so  as  to  produce  colour.  In  order,  therefore,  to 
make  them  interfere,  their  planes  of  polarization  must  be  made 
to  coincide;  and  to  do  this  is  the  function  of  the  analyzer. 

In  order  to  assist  us  in  comprehend- 
ing how  a  polarized  ray  may  be  resolved 
into  two  others  polarized  in  different 
planes,  we  may  take,  as  an  illustration, 
a  stretched  cord,  fig.  17  ^  5,  dividing 
at  B  into  B  C  and  B  D,  making  a 
small  angle  with  each  other  at  B,  and 
having  either  equal  or  unequal  tension. 
Let  us  suppose  the  extremity  A  of  the 
single  cord  to  be  made  to  vibrate  regu- 
larly in  cither  a  horizontal  or  vertical 
plane;  now,  b;y  means  of  two  polished 
guiding-planes,  E  F  and  G  H,  in- 
clined at  different  angles  to  the  horiijon, 
and  making  a  right  angle  with  each 
other,  the  horizontal  vibrations  of  the 
cord  A  B,  will  give  rise  to  two  other 
vibrations,  parallel  respectively  to  E  F 
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and  G  H.  And  if  we  assume  the  two  branches  B  C  and  B  D 
to  be  unequally  tense,  the  waves  produced  by  the  vibration  of 
A  B  will  be  propagated  along  ihem  with  unequal  velocity.  So 
that  this  illustration,  which  I  have  adopted  from  Sir  John 
Herschel's  able  treatise  on  light,  serves  to  explain  not  only  how 
a  vibration  in  one  plane  may  be  resolved  into  vibrations  in  two 
other  planes,  but  also  why  the  two  resulting  waves  are  propa- 
gated with  unequal  velocity. 

Though  a  thin  plate  of  Iceland-spar  or  of  any  other  doubly 
refracting  crystal  serves,  when  placed  in  the  polariscope,  for  the 
production  of  colour;  yet  certain  crystals  are  preferable  to  others 
on  account  of  the  facility  with  which  they  may  be  split  into  thin 
laminse.  Selenite  and  mica  are  especially  convenient  for  this 
purpose  ;  and  the  former  of  these  is  extensively  employed  by  op- 
ticians in  the  preparation  of  a  variety  of  beautiful  and  ingenious 
polariscope  illustrations.  On  this  account  a  brief  notice  of  it  is 
requisite. 

Selenite,  ov  sparry-gypsum,  is  \.\\Q.7iative  crystallized  hydrated 
sulphate  of  lime  (Ca  O.  S  03  +  2  Aq.)  It  occurs  imbedded  in 
London  clay.  It  is  found  also  at  Shotover  Hill,  near  Oxford, 
where  the  labourers  call  it  quarry  glass,  and  likewise  at  the  Isle 
of  Sheppy.  Very  large  crystals  of  it  are  found  at  Montmartre, 
near  Paris.  The  crystalline  forms  in  which  it  occurs  belong  to 
the  oblique  rectangular  prismatic  system.  Haiiy  and  the  late 
Mr.  William  Phillips  describe  its  primary  form  as  a  right  oblique- 
angled  prism  ;  so  that  the  lateral  faces  of  the  crystal  are  regarded 
by  them  as  the  terminal  planes.  But  the  optical  characters  of  the 
crystal  prove  the  incorrectness  of  the  description  of  these  cele- 
brated mineralogists  :  and  here,  I  would  observe,  is  an  excellent 
illustration  of  the  great  value  of  polarized  light  to  the  crystallo- 
grapher.  In  this  particular  instance  it  enables  him  to  distinguish 
a  lateral  face,  from  a  terminal  plane,  of  a  prism. 

The  crystals  of  selenite  which  are  most  frequently  met  with, 
are  oblique  rectangular  prisms,  with  ten  rhomboidal  faces,  of 
which  two  are  considerably  larger  than  the  others  (fig.  18  A). 
They  are  very  easily  slit  into  thin  laminse  (a  b,  fig.  18  B),  parallel 
to  these  larger  lateral  faces  (terminal  planes  of  Haiiy  and  W. 
Phillips). 

Macles  or  hemitrope  crystals  of  selenite  are  very  common. 
By  hemitrope,  a  word  derived  from  the  Greek  (from  rjni  half, 
and  rpcTTO)  /  turn),  is  meant  a  figure  produced  by  cutting  the 
primary  crystal  in  two,  causing  one  of  the  fragments  to  make 
half  a  revolution,  and  then  uniting  the  sides  actually  in  contact. 
The  most  singular  and  common  hemitrope  variety  of  selenite  is 
that  called  arrow  headed  selenite  (fig.  18  C),  and  which  is  so 
called  because  the  crystal  is  formed  like  the  barbed  head  of  an 
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arrow.  Its  nature  may  be  easily  explained.  Cut  a  card  or  ihin 
board  in  a  rhomboidal  form  to  represent  one  of  the  laminae 
taken  from  lateral  faces  of  the  prism  (fig.  18  D).  Then  divide 
it  in  the  direction  of  its  greater  diagonal  (a  6),  and  transpose  the 
separated  parts  in  such  a  manner,  that  two  of  the  alternate 
angles,  produced  by  the  diagonal  division,  shall  make  the  point 
— the  other  two,  the  barbs — of  the  arrow-head. 


The  optical  structure  of  films  or  thin  plates  of  selenite,  having 
a  thickness  of  from  -^^ih.  to  the  ^V^h  of  an  inch,  is  very  curious. 
In  two  rectangular  directions  they  allow  perpendical^rays  of 
polarized  light  to  traverse  them  unchanged  :  these  directions  are 
called  the  neutral  axes.  In  two  other  directions,  however,  which 
form  respectively  angles  of  45°  with  the  neutral  axes,  these  films 
have  the  property  of  double  refraction.  These  directions  are 
usually  denominated  depolarizing  axes ;  but  they  might  be  more 
correctly  termed  doubly  refracting  axes. 

In  order  to  render  these  properties  more  intelligible,  suppose  the 
structure  of  the  film  to  be  that  represented  by  fig.  19,  in  which  the 
film  IS  seen  to  be  crossed  by  two  series  of  light  lines,  or  passages, 
the  one  perpendicular  to  the  other.  These  are  to  represent  the 
neutral  axes.  We  may  imagine,  that  in  these  directions  only 
can  the  ethereal  molecules  vibrate.  A  ray  of  incident  polarized 
light  whose  vibrations  coincide  with  either  of  these  lines,  is  trans- 
mitted through  the  film  unchanged.  But  a  ray  of  incident 
polarized  light  whose  vibrations  form  an  angle  of  45°  with  these 
lines,  or,  in  other  words,  which  coincide  with  the  diagonals  of  the 
square  spaces,  suffers  double  refraction  ;  that  is,  it  is  resolved 
into  two  vibrations,  one  parallel  with  a  b,  the  other  parallel  with 
c  d,  and,  therefore,  the  directions  of  the  diagonals  of  the  squares 
are  called  the  doubly  refracting  or  depolarizing  axes.  But  the 
two  resulting  vibrations  are  not  propagated,  in  these  two  rectan- 
gular directions,  with  equal  velocity,  the  one  suffering  greater 
retardation  than  the  other,  so  that  the  waves,  at  their  emergence, 
are  in  different  phases  of  vibration,  though  they  do  not  interfere 
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Fig.  19.    Imaginary  Structure  of  a  Plate  of  Selenite. 
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so  as  to  produce  colour,  because  their  planes  of  vibration  are 
rectangular.  By  the  analyzer,  however,  iheir  planes  are  made  to 
coincide,  and  colour  is  produced  ;  and  on  rotating  the  analyzer 
on  its  axis,  the  colour  changes  and  becomes  complementary. 

To  illustrate  these  statements,  place  a  film  of  selenite,  of  uniform 
thickness,  in  the  polariscope.  On  rotating  the  film  (the  analyzer 
and  polarizer  remaining  still),  a  brilliant  colour  is  perceived  at 
every  quadrant  of  a  circle,  but  in  intermediate  positions  it  vanishes 
altogether.  We  observe,  however,  that  the  tint  does  not  change, 
but  only  varies  in  intensity.  If,  now,  the  film  be  fixed  and  the 
analyzer  rotated,  we  also  observe  colour  at  every  quadrant  of  a 
revolution  ;  but  the  tint  changes  and  becomes  complementary  at 
every  quadrant — the  same  lint  reappearing  at  every  half  revolu- 
tion :  so  that  when  the  film  alone  is  revolved  one  colour  only  is 
seen,  but  when  the  analyzer  alone  is  revolved,  two  colours  are 
seen. 

Effect  of  revolving  the  film  of  Selenite.     Effect  of  revolving  the  Analyzer. 
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If  we  employ,  as  the  analyzer,  a  double  refracting  prism,  we 
observe  two  complennentary  disks  of  colour,  and  these  may  be 
made  to  cross  and  produce  white  light  as  before  shown. 

The  thickness  of  the  film  of  selenite  determines  the  particular 
tint.  If,  therefore,  we  use  a  film  of  irregular  thickness,  different 
colours  are  presented  by  different  thicknesses.  A  wedge-shaped 
piece  will  produce  parallel  bands  of  colours,  and  two  wedges 
crossed  present  diagonal  bands.  A  plano-concave  film,  as  well 
as  a  plano-convex  nim,  gives  concentric  rings  of  colour,  the 
former  with  a  black,  the  latter  with  a  white,  centre. 

Two  films  superposed,  do  not  give  the  colour  which  would  arise 
from  the  mixture  of  the  two  colours,  but  either  the  colour  which 
corresponds  to  the  joint  thickness  of  the  films,  or  that  which 
belongs  to  the  difference  of  their  thickness.  When  the  two 
films  are  put  together,  as  they  lie  in  the  crystal,  the  resulting 
colour  depends  on  the  sum  of  the  thicknesses.  But  when  the 
two  films  are  crossed,  so  that  similar  lines  in  the  one  are  at  right 
angles  to  similar  lines  in  the  other,  the  resulting  tint  depends  on 
the  difference  of  the  thicknesses.  These  facts  admit  of  very  beau- 
tiful, curious,  and  interesting  illustrations.  Thin  films  of  selenite 
of  uniform  thickness  are  so  arranged  as  to  slide  over  figures 
also  formed  of  films  of  selenite.  The  changes  of  colour  effected 
in  the  tints  are  most  striking,  and  to  unphilosophical  minds 
almost  magical. 

In  the  opticians'  shops  are  met  with  a  great  variety  of  devices 
prepared  with  films  of  selenite  of  different  thicknesses,  and 
which  constitute  philosophical  toys  illustrative  of  the  before- 
mentioned  facts.  Gothic  ivindows,  stars,  flowers,  fruits^  animals 
(butterflies,  parrots,  dolphins,  and  chameleons),  and  theatrical 
figures  (Jim  Crow,  harlequin,  &c.),  are  some  of  the  ingenious, 
and  often  laughable  illustrations  contrived  by  Mr.  Darker. 

Test  of  Double  Refraction. — From  the  preceding  statements 
then,  it  appears,  that  the  polariscope  becomes  a  very  delicate 
test  of  double  refraction.  A  very  large  number  of  crystalline, 
and  other  bodies,  possess  a  doubly  refractive  property  ;  but  com- 
paratively few  of  these  have  it  in  so  high  a  degree  as  to  present, 
under  ordinary  circumstances,  the  phenomenon  of  double  images ; 
that  is,  the  separation  of  the  two  systems  of  ethereal  waves  is 
not,  in  general,  suflftciently  great  to  be  visible  to  the  eye.  In 
such  cases,  therefore,  the  polariscope  is  of  great  value,  since  it 
enables  us  to  detect  the  slightest  degree  of  double  refraction. 
Some  doubly  refracting  bodies  present,  in  the  polariscope,  most 
gorgeous  colours,  as  selenite.  Others,  however,  which  possess 
the  doubly  refractive  property  in  a  much  slighter  degree,  require 
the  aid  of  a  thin  film  of  selenite,  of  uniform  thickness.  Their 
double  refractive  property  then  becomes  evident  by  the  chang-e' 
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which  they  induce  in  the  colour  of  the  film.  Without  this,  we 
see  light  or  dark  fringes  or  bands,  or  black  or  white  crosses,  but 
no  colour. 

Cause  of  Double  Refraction. — Being  now  in  possession  of  an 
exceedingly  delicate  test  of  double  refraction,  we  are  prepared  to 
enter  into  an  inquiry  into  the  cause  of  this  property. 

Now  we  shall  find  that  every  body  endowed  with  equal  elas- 
ticity in  every  direction,  is  a  single  refractor.  Alter  its  elasticity 
in  any  one  direction,  put  it  in  a  state  of  unequal  tension,  and 
immediately  it  acquires  the  property  of  double  refraction.  Hence 
then,  double  refraction  may  be  temporarily  or  permanently  com- 
municated to  bodies,  by  temporarily  or  permanently  disturbing 
the  equality  of  their  elasticity  in  different  directions. 

1 .  Pressure  produces  double  refraction. — In  fluids  (gases  and 
liquids)  pressure  is  equally  distributed  in  all  directions,  which  is 
obviously  owing  to  the  facility  with  which  the  molecules  shift 
their  places.  Hence  pressure  on  fluids  does  not  communicate  to 
them  the  power  of  double  refraction. 

In  solids,  however,  matters  are  far  otherwise.  Owing  to  cohe- 
sion, the  molecules  cannot  change  their  relative  positions;  and, 
therefore,  in  this  form  of  matter  unequal  degrees  of  tension  may 
exist  in  different  directions :  so  that  pressure  may  be  communi- 
cated in  any  desired  direction  without  being  equally  or  uniformly 
distributed. 

Now  a  transparent  solid,  as  a  well-annealed  piece  of  glass,  all 
of  whose  parts  possess  equal  elasticity,  is  a  single  refractor  ;  but 
if  we  subject  such  a  body  to  the  influence  of  a  compressing  force, 
it  becomes  a  double  refractor,  and  acquires  neutral  and  doubly 
refracting  (depolarizing)  axes ;  the  former  parallel  and  perpen- 
dicular to  the  direction  of  pressure,  the  latter  45°  inclined  to 
them. 

Let  us  consider  for  a  moment  what  must  be  the  effect  of  pressure  in 
Fig.  20.  any  given  direction.  Suppose  a  rectangu- 

I'  d  G  lar  piece  of  glass  (fig.  20)  to  be  subjected 

•  to  pressure  in  the  direction  A  B:  the  im- 

mediate effect  will  be  to  urge  the  conti- 
guous particles  nearer  together  in  this 
c  ."  direction,  and  thereby  to  call  into  action 

 °  their  repulsive  forces.    But  it  will  also 

urge  the  particles  asunder  in  the  direction 
C  D, — that  is,  in  a  direction  perpendicu- 
\  lar  to  that  of  the  pressure,  and  thereby  to 

H  c  F  call  into  operation  their  attractive  forces. 

Thus  then,  it  is  obvious,  that  a  force,  which  when  applied  to  a 
solid,  causes  a  condensation  in  the  direction  of  the  force  {A  B),  is 
jittended  with  dilatation  or  expansion  in  a  direction  perpendicular 
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to  it  (CD).  In  the  first  direction  the  elasticity  is  a  maximum — 
in  the  second  direction  it  is  a  minimum.  Incident  light  polarized 
in  a  plane  parallel  with  either  of  these  directions  passes  through 
unchanged,  and  these  directions  are  called  the  neutral  axes. 
But  if  it  be  polarized  in  a  plane  inclined  45°  to  either  of  these 
directions  (that  is,  in  the  direction  E  F  ov  G  H)  it  is  resolved 
into  two  systems  of  waves,  one  polarized  in  the  direction  A  B, 
the  other  in  the  direction  C  D.  The  directions  E  F  and  GH,  are, 
therefore,  the  doubly  refracting  or  depolarizing  axes.  But  the 
system  polarized  in  the  plane  A  B,  will  proceed  more  slowly 
(owing  to  the  maximum  elasticity  in  that  direction)  than  the 
system  C  D  (which  is  polarized  in  the  direction  of  the  minimum 
elasticity).  Hence,  at  their  emergence,  the  two  systems  of  waves 
are  in  different  phases  of  vibration,  but  they  do  not  interfere  so 
as  to  produce  colours,  owing  to  the  plane  of  vibration  of  the 
one  being  rectangular  or  perpendicular  to  that  of  the  other. 
When,  however,  we  apply  the  analyzer,  and  restore  these  two 
rectangular  planes  to  a  common  plane,  interference  takes  place 
and  colour  results. 

Let  us  now  take  the  case  of  a  flexed  body.  When  I  bend  a 
cane  or  other  solid,  the  convex  surface  is  in  a  state  of  expansion 
or  dilatation,  while  the  concave  surface  is  compressed.  The 
molecules  on  the  convex  surface  are  urged  asunder,  and  their 
attractive  forces  called  into  operation,  while  those  on  the  concave 
surface  are  pressed  together,  and  their  repulsive  forces  brought 
into  action.  Between  these  two  oppositely  affected  surfaces, 
there  is  a  neutral  line  where  equilibrium  exists,  and  on  both 
sides  of  this  the  degree  of  strain  augments  as  we  recede  from 
the  line.  Now,  if  a  well  annealed,  and,  therefore,  single  refracting 
plate  of  glass  be  bent,  and  examined  while  in  the  polariscope,  it 
will  be  found  to  have  acquired,  while  in  the  bent  state,  double  re- 
fracting properties.  Two  sets  of  coloured  fringes  are  perceived,  one 
on  the  convex  or  dilated  side  of  the  plate,  and  the  other  on  the  con- 
cave or  compressed  side.  Between  these  two  sets  of  fringes  is  a 
black  line,  indicating  the  situation  where  neither  compression  nor 
dilatation  exists,  and  where,  therefore,  double  refraction  is  absent. 

Thus  then  the  polariscope  becomes  a  valuable  means  of  detect- 
ing the  existence  of  unequal  tension  or  strains  in  transparent 
bodies,  and  Dr.  Brewster  has  suggested  its  useful  application  to 
the  determination  of  the  intensity  and  direction  of  all  the  forces 
which  are  excited  by  a  superincumbent  load -in  different  parts  of 
the  arch,  as  also  the  intensity  and  direction  of  the  compressing 
and  dilating  forces  which  are  excited  in  loaded  framings  of  car- 
pentry. For  these  purposes,  models  in  glass  or  copal  are  to  be 
prepared,  and  the  effects  are  rendered  visible  by  exposing  the 
models  to  polarized  light.    He  has  likewise  constructed  a  chro- 
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matic  dynamometer  for  measuring  the  intensities  of  forces, 
founded  on  the  facts  ah-eady  stated.  It  consists  of  a  bundle  of 
narrow  and  thick  plates  of  glass,  fixed  at  each  end  in  brass  caps. 
Then  when  any  force  is  applied  to  a  ring  in  the  middle  of  the  plates, 
the  ends  being  fixed,  the  plates  of  glass  will  be  bent,  and  the 
force  thus  produced  is  measured  by  the  tints  that  appear  on  each 
side  of  the  black  line. 

By  the  gradual  induration,  as  well  as  by  the  mechanical  com- 
pression and  dilatation  of  animal  jellies,  fringes  may  be  produced, 
as  in  glass. 

2.'  Unequal  heating  causes  double  refraction. — When  heat  is 
applied  to  bodies,  it  causes  them  to  expand  or  dilate.  If  the 
substance  to  which  the  heat  is  applied  be  a  bad  conductor,  the 
part  in  contact  with  the  heated  body  becomes  hot,  and  expands 
before  heat  is  communicated  to  the  neighbouring  parts.  Hence 
the  bad  conductor  endeavours  to  curve,  just  as  when  we  hear 
a  compound  bar  of  iron  and  brass,  a  curvature  is  induced, 
owing  to  the  unequal  expansile  power  of  these  two  metals,  and 
as  the  brass  expands  more  than  the  iron,  the  latter  forms  the 
inner  or  concave  side  of  the  curved  bar,  while  the  brass  forms 
the  outer  or  convex  side.  On  this  principle  is  constructed  the 
compensation  balance  of  a  watch. 

Glass  is  a  bad  conductor  of  caloric,  and  when  a  heated  body 
is  applied  to  it,  the  part  in  contact  with  this  becoming  hot, 
expands,  but  owing  to  the  bad  conducting  quality  of  the  medium, 
the  surrounding  parts  not  being  influenced  by  the  heat,  do  not 
expand,  but  resist  the  dilatation  of  the  heated  portion.  In  this 
way,  therefore,  the  immediate  effect  of  heat  on  one  part  of  a 
piece  of  glass,  is  to  put  all  the  surrounding  parts  into  a  strained 
state,  one  part  is  expanding,  and  other  parts  are  resisting  the 
dilatation.  When  the  difference  of  temperature  is  extreme,  the 
violence  of  the  strain  is  such  that  very  thick  pieces  of  glass  are 
sometimes  rent  asunder. 

It  is  very  desirable  that  we  should  be  acquainted  with  the 
precise  mechanical  condition  of  the  glass  thus  partially  subjected 
to  caloric.  A  knowledge  of  this  would  greatly  assist  us  in  com- 
prehending the  optical  phenomena.  But  the  subject  is  replete 
with  difficulties.  Perhaps,  some  assistance  may  be  obtained 
from  the  following  considerations  : — 

Fig.  21.  Let  A  B  C  B  (fig.  21),  he  a  rectan- 

B  gular  plate  of  glass,  subjected  to  heat 
along  its  edge,  A  B.  This  portion  of  the 
glass  being  heated,  tends  to  expand ; 
but  on  account  of  its  connection  with 
other  portions  of  the  glass,  cannot  do 
D  so  without  forcing  these  to  participate 


Compressed.  ^ 
I  e.  Dilated. 


Compressed. 
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in  its  augmented  bulk.  These,  however,  owing  to  the  bad 
conducting  power  of  the  glass,  retain  their  original  tempera- 
ture, and  consequently  refuse  to  expand,  so  that  the  stratum 
is  subjected  to  compression ;  that  is,  it  is  prevented  from  ac- 
quiring that  volume  which  is  natural  to  it,  in  this  heated 
state.  The  central  stratum  e /,  is  in  a  state  of  dilatation  or 
expansion,  owing  to  its  particles  being  urged  asunder  by  the 
tendency  of  the  upper  stratum,  A  B,  to  expand.  The  resist- 
ance offered  to  the  expansion  by  e  /,  tends  to  produce  pres- 
sure on  the  lower  stratum  C  D,  the  particles  of  which  will  be 
urged  together.  This  lower  stratum  C  D,  like  the  upper  one 
A  B,  will  then  be  in  a  state  of  compression.  As  the  tension  of 
e/is  sustained  at  .4  ^  and  C  D,  it  will  tend  to  send  inwards 
the  lateral  columns  A  C  and  B  D,  dilating  them  at  the  convex 
portion  of  the  bend,  and  compressing  them  at  the  concave 
portion.  By  these  strains,  therefore,  the  rectangular  plate  of 
glass  will  assume  a  figure  concave  on  all  its  edges. 

It  is  obvious  then,  from  the  unequal  states  of  tension  of  the 
difFerent  parts  of  a  piece  of  glass  thus  partially  heated,  that  it 
ought  to  acquire  doubly  refracting  properties,  and  the  polari- 
scope  shows  that  it  does  so.  In  this  state,  the  glass  exhibits 
distinct  neutral  and  doubly  refracting  {depolarizing)  axes,  the 
neutral  ones  being  parallel  and  perpendicular  to  the  direction  in 
which  the  heat  is  propagated.  The  black  fringes,  sometimes 
called  lines,  of  no  polarization,  indicate  the  neutral  axes,  or 
those  portions  of  the  glass  which  are  destitute  of  the  property 
of  double  refraction. 

It  deserves  especial  notice  that  fringes  make  their  appearance 
in  the  part  of  the  glass  most  distant  from  the  heated  body,  before 
they  have  received  any  sensible  accession  of  heat,  and  which, 
therefore,  must  depend  on  the  state  of  strain  into  which  they  are 
thrown  by  the  eftect  of  the  heat  on  the  other  parts  of  the  mass, 
in  the  way  I  have  already  endeavoured  to  explain. 

Dr.  Brewster  has  suggested  the  construction  of  two  kinds  of 
chromatic  thermometers,  for  measuring  changes  of  temperature 
by  the  production  of  coloured  fringes,  exhibited  by  glass  plates 
when  exposed  to  heat;  for  "  every  tint  in  the  scale  of  colours 
has  a  corresponding  numerical  value,  which  becomes  a  correct 
measure  of  the  temperature  of  the  fluid."  In  the  one  instru- 
ment, the  tints  originate  immediately  from  the  changes  of  tem- 
perature ;  in  the  other,  they  are  produced  by  the  difference  of 
pressures  upon  the  glass,  occasioned  by  the  difference  of  expan- 
sions arising  from  changes  of  temperature.  I  must  refer  you  to 
his  paper  in  the  Philosophical  Transactions  for  1816,  for  details 
respecting  them. 

3.  Unequal  cooling  causes  double  refraction. — If  a  piece  of 
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hot  glass  of  uniform  temperature  be  unequally  cooled,  as  by 
placing  one  of  its  edges  on  a  cold  mass  of  iron,  it  acquires 
doubly  refracting  properties,  and  when  examined  by  polarized  liglit, 
presents  fringes,  &c.  similar  to  those  observed  in  glass  un- 
equally heated.  It  is  obvious,  however,  that  as  the  physical 
condition  produced  by  cold  is  diametrically  opposite  to  that 
caused  by  heat,  so  the  structure  of  the  corresponding  parts  of 
the  two  glasses  (the  one  which  has  been  cooled,  and  the  other 
which  has  been  heated)  must  be  opposite. 

4.  Unannealed  glass  is  a  double  refractor. — If  glass  be  sud- 
denly cooled  after  having  been  melted,  it  possesses  certain 
remarkable  properties,  which  unfit  it  for  ordinary  use.  Some- 
times it  splits  or  flies  to  pieces  in  the  act  of  cooling ;  or  if  it 
fail  to  do  this,  a  very  moderate  change  of  temperature,  a  slight 
external  force,  a  scratch,  or  a  slight  fracture,  is  sufficient  to  cause 
it  to  crack  and  fly  to  pieces.  The  glass  tears  called  Rupert's 
drops,  or  hand-crackers,  and  the  proofs,  or  philosophical  phials, 
are  familiar  illustrations  of  this  kind  of  glass.  In  order  to  pre- 
vent it  acquiring  this  remarkable  condition,  glass,  after  being 
fashioned,  is  submitted  to  the  process  called  annealing,  that  is 
to  very  slow  cooling  in  the  annealing  oven  or  Her.  Glass  which 
has  undergone  this  process  is  said  to  be  annealed,  while  that 
which  has  not  is  termed  unannealed.  But  the  so-called  unan- 
nealed glasses  sold  by  the  opticians  are  in  fact  annealed  glasses, 
which  have  been  reheated  until  they  begin  to  soften,  then  cooled 
by  placing  them  on  the  ashes  beneath  the  furnace,  and  after- 
wards ground  and  polished. 

The  optical  properties  of  unannealed  glass  are  very  remark- 
able. To  comprehend  them  let  us  consider  the  mechanical  con- 
dition of  the  glass.  When  a  mass  of  red-hot  and  soft  glass  is 
exposed  to  a  cool  air,  its  external  portion  becomes  cold  and 
rigid,  while  the  inner  parts  are  still  hot  and  soft.  After  a  short 
time,  however,  the  latter  solidify  and  cool,  but  are  prevented 
from  contracting  themselves  into  the  smaller  bulk  which  is 
natural  to  them  in  their  cooled  state,  by  the  rigid  crust,  which 
acts  like  an  arch  or  vault,  and  keeps  them  distended,  but  which 
is  to  a  ceitain  extent  strained  and  drawn  somewhat  inwards  by 
the  tension  exercised  on  it  by  the  internal  parts.  It  is  obvious 
then  that  the  different  parts  of  a  mass  of  unannealed  glass  are 
unequally  and  differently  strained  ;  the  internal  being  in  a  state 
of  distention  or  dilatation,  the  external  in  that  of  compression. 
So  that  the  state  of  the  different  parts,  and  the  distribution  of 
the  forces,  will  be  almost  exactly  similar  to  those  already  de- 
scribed, in  the  case  of  annealed  glass  which  has  been  unequally 
heated.  "  The  analogy  between  the  cases,"  says  Sir  John 
Herschel,  "would  be  complete,  if,  instead  of  supposing  the 
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annealed  plate  heated  at  one  edge  only,  the  heat  were  applied  to 
all  the  four  simultaneously,  by  surrounding  it  with  a  frame  of 
hot  iron." 

There  is  one  very  important  point  in  reference  to  these  unan- 
nealed  glasses,  to  which  I  must  beg  your  attention  ;  I  refer  now 
to  the  circumstance  that  in  them,  the  polarizing  (doubly  refract- 
ing) structure  depends  entirely  on  the  external  form  of  the 
glass  plate,  and  on  the  mode  of  aggregation  of  its  particles. 
This  will  be  very  obvious  by  observing  the  different  shapes  of  the 
fringes  respectively  presented  by  square,  circular,  oval,  rectangular, 
and  other  shaped  plates.  The  circular  and  square  plates  have  only 
one  axis  of  [no]  double  refraction  ;  whereas  the  oval  and  rectan- 
gular plates  have,  two  axes.  By  dividing  and  subdividing  these 
plates,  the  doubly  refractive  property  is  not  only  greatly  dimi- 
nished, but  sometimes  even  destroyed,  if  the  portion  be  very 
small.  Moreover,  it  is  distributed  in  a  new  manner,  according 
to  the  shape  of  the  fragment.  The  dissected  unannealed  glasses, 
sold  in  the  opticians'  shops,  beautifully  illustrate  the  dependence 
of  the  form  of  the  coloured  fringes  on  the  external  shape  of  the 
glass.  Thus  the  pattern  produced  by  one  circular  piece  of 
unannealed  glass,  is  very  different  to  that  of  a  circle  formed  by 
joining  four  segments. 

In  these  particulars,  the  unannealed  plates  of  glass  differ  very 
widely  from  doubly  refracting  crystals.  The  fringes  and  colours, 
presented  by  the  latter,  are  unaltered  by  the  changes  we  may 
effect  in  the  external  form  of  the  crystal — the  smallest  fragment 
producing  the  same  system  of  fringes  as  the  largest ;  and,  pro- 
vided the  thickness  remains  the  same,  the  polarizing  force  suffers 
no  diminution  by  the  reduction  in  size. 

We  are  then  constrained  to  infer  that  the  optical  properties  of 
crystals  are  those  of  their  integrant  molecules ;  while  those  of 
the  unannealed  glasses  depend  on  the  mode  of  arrangement  of 
the  molecules,  and  on  the  external  form  of  the  mass. 

The  effects  produced  by  superposing  similarly  shaped  pieces 
of  unannealed  glass  are  striking,  and,  at  first,  surprising;  but,  on 
consideration,  may  be  easily  understood.  If  they  be  symmetrically 
superposed,  similar  points  being  laid  together,  the  tints  will  be 
equal  to  the  sum  of  the  separate  tints : — but,  if  superposed  cross- 
wise, the  resulting  tints  will  be  the  difference  of  the  separate 
tints.  This  may  be  conveniently  shown  by  causing  an  unannealed 
glass  bar  to  rotate  in  front  of  another  unannealed  bar. 

Applications. — These  facts  respecting  the  properties  of  unan- 
nealed or  imperfectly  annealed  glasses,  admit  of  some  valuable 
practical  applications.  To  the  optician  it  is  of  the  highest  im- 
portance that  the  glass,  of  which  lenses  and  prisms  are  made, 
ishould  possess  uniform  density,  and  be  free  from  all  defects 
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arising  from  irregularities  in  the  annealing  process.  To  detect 
these  the  glass  should  be  carefully  examined  by  polarized  light 
previous  to  being  ground  and  polished ;  and  by  this  agent  the 
slightest  defects  are  made  appreciable. 

So  also  glass  vessels  employed  for  domestic  purposes  may  be 
advantageously  tested  by  the  same  agent.  The  facility  with 
which  tumblers,  &c.  crack,  sometimes  spontaneously,  at  other 
times  while  in  the  hands  of  the  glass-cutter,  or  when  warm 
water  is  poured  into  them,  or  when  exposed  to  a  slight  blow, 
depends  on  some  imperfection  in  the  annealing  process. 
Hence,  also,  the  reason  why  run  glass  (that  is,  glass  made 
without  paying  the  duty)  is  very  apt  to  crack  ;  for  owing  to  the 
rapidity  with  which  all  the  stages  of  its  manufacture  have  been 
hurried  on,  it  is  not  well  made,  and  sufficient  time  has  not  been 
allowed  for  the  annealing  process. 

It  is  probable,  also,  that  manufacturers,  or  rather  the  mounters 
of  electrical  machines,  might  beneficially  avail  themselves  of  po- 
larized light  in  the  selection  of  glass  cylinders  and  plates.  E-e- 
cently  made  cylinders,  when  mounted,  will  sometimes  crack,  or 
fly,  as  it  is  termed,  without  any  obvious  agency,  owing,  I 
presume,  to  some  defect  in  the  annealing  process,  which,  per- 
haps, might  have  been  previously  discovered  by  means  of  polar- 
ized light. 

An  argument  in  favour  of  the  vegetable  origin  of  the  diamond 
has  been  founded  by  Dr.  Brewster,  on  the  phenomena  presented 
by  this  substance,  when  examined  by  means  of  polarized  light. 
It  is  well  known  that  various  opinions  have  been  held  by  different 
writers  on  the  mode  of  formation  of  this  mineral.  All  of  them, 
however,  may  be  included  under  two  divisions  :  those  which  as- 
sume the  diamond  to  be  the  direct  produce  of  heat  on  carbonic  acid 
or  carbon,  and  those  which  ascribe  it  to  the  slow  decomposition 
of  plants.  Dr.  Brewster,  who  adopts  the  latter  notion,  met  with  a 
diamond  which  contained  a  globule  of  air,  while  the  surrounding 
substance  of  the  diamond  had  a  polarizing  (doubly  refracting) 
structure,  displayed  by  four  sectors  of  polarized  light  encircling  the 
globule.  He,  therefore,  inferred  that  this  air  bubble  had  been 
heated,  and  by  expansion  had  produced  pressure  on  the  surround- 
ing parts  of  the  diamond,  and  thereby  communicated  to  them  a 
polarizing  structure.  Now  for  this  to  have  happened,  the  diamond 
must  have  been  soft  and  susceptible  of  compression.  But  as  va- 
rious circumstances  contribute  to  prove  that  this  softness  was  the 
effect  of  neither  solvents  nor  heat,  he  concluded  that  the  diamond 
must  have  been  formed,  like  amber,  by  the  consolidation  of  vege- 
table matter,  which  gradually  acquired  a  crystalline  form  by  the 
influence  of  time  and  the  slow  action  of  corpuscular  forces. 

Starch  grains  have  a  laminated  texture,  and  possess  a  doubly. 
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refractive  power.  They  are  composed  of  concentric  layers  of 
amylaceous  matter.  On  some  part  of  the  surface  of  each  o-rain 
IS  a  circular  spot,  called  the  hilum.  This  appears  to  be  an  aperture 
or  transverse  section  of  the  tube  or  passage  leading  into  the  inte- 
rior of  the  grain,  and  by  which  the  amylaceous  matter,  forming- 
the  internal  laminse,  was  conveyed.  On  examining  the  grains 
by  the  polarizing  microscope,  unequivocal  evidence  of  their  doubly 
refractive  power  may  be  obtained.  At  least  I  have  found  this  to 
be  the  case  in  all  the  starches  which  I  have  yet  examined,  viz.,  tons 
les  OTozs,  potato-starch.  West  Indian  arrow-root,  sago-meal,  Tahiti 
arrow-root  (obtained  from  a  species  of  Tacca),  tapioca-meal,  East 
Indian  arrow-root  (CMrcwma  anf/ws^i/oZm),  wheat-starch,  Portland 
arrovy-root(yl rwm  maculatum), and  rice-starch.  The  larc^er  grained 
starches  form  splendid  objects  for  the  polarizing  microscope ;  tous 
Ics  mois  being  the  largest  may  be  taken  as  the  type  of  the  others. 
It  presents  a  black  cross,  the  arms  of  which  meet  at  the  hilum. 
A.      Fig.  22.        n.  On  rotating  the  analyzer  the 

black  cross  disappears,  and  at 
90'='  is  replaced  by  a  white  cross ; 
another,  but  much  fainter  black 
cross,  being  perceived  between 
the  arms  of  the  white  cross. 
Hitherto,  however,  no  colour  is 
perceptible.  But  if  a  thin  plate 
Grains  of  Tous  les  Mois  viewed  by  the  selenite  be  interposed  be- 
Polarizing  Microscope.  .4 ,  represents  the  tween  the  starch  sfrains  and  the 

appearance  when  the  planes  of  polarization       i    •  ^       ,         ,  , 

of  the  polarizer  and  analyzer  are  at  right  pOlanzer,  moSt  Splendid  and 
angles  to  each  other  J  £.when  they  coincide   gorgeOUS   colours    make  their 

appearance.  The  arms  of  the  cross  acquire  the  colour  which  the 
selenite  plate  yields  in  polarized  light.  The  four  spaces  between  the 
arms  also  appear  coloured  ;  but  their  tint  is  different  to  that  of  the 
cross.  The  colours  of  the  first  and  the  third  spaces  are  identical, 
but  different  to  those  of  the  second  and  fourth,  both  of  which  have 
the  same  tint.  At  the  point  where  the  colours  of  the  arms  and  of 
the  interspaces  meet,  the  tints  blend.  All  the  colours  change  by 
revolving  the  analyzer ;  and  become  complementary  at  every  90^*. 

The  appearances  presented  by  potato-starch  are  similar  to  those 
of  tous  les  mois.  Several  other  starches  (as  West  Indian  ar- 
row-root, sago-meal,  Tahiti  arrow-root,  tapioca-meal,  and  East 
Indian  arrow-root)  present  black  and  white  crosses,  and,  when 
a  selenite  plate  is  used,  also  colours ;  but  in  proportion  as  the 
grains  are  small,  are  their  appearances  less  distinct.  I  have  not 
hitherto  detected  the  black  and  white  crosses  in  wheat-starch, 
Portland  arrow-root,  and  rice-starch.  Their  double  refractive 
power,  however,  is  proved  by  the  change  they  effect  in  the  colour 
yielded  by  a  plate  of  selenite, 

A  great  variety  of  animal  structures  possess  a  doubly  refracting 
or  depolarizing  structure,  as  a  quill  cut  and  laid  out  flat  on  glass, 
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the  cornea  of  a  sheep's  eye,  a  piece  of  bladder,  gold-beaters'  skin, 
human  hair,  a  slice  of  a  toe  or  finger  nail,  sections  of  bones,  of 
teeth,  &c.  The  crystalline  lenses  of  animals  also  possess  this  pro- 
perty in  a  high  degree,  owing  to  their  central  portion  being  denser 
and  firmer  than  the  external  portion.  If  the  lens  of  a  cod-fish  be 
placed  in  a  glass  trough  of  oil  or  Canada  balsam,  it  presents  twelve 
luminous  sectors  separated  from  each  other  by  a  black  cross.  Even 
living  animals  present  double  refracting  properties.  The  aquatic 
larvse  of  a  gnat,  commonly  called  skeleton  larvce,  form  a  very  amus- 
ing exhibition.  They  are  to  be  placed  in  water  in  a  very  narrow 
water-trough.  In  certain  positions,  they  give  no  evidence  of  double 
refraction,  but  in  others,  and  especially  when  they  are  exerting 
much  muscular  energy,  they  possess  it  in  a  very  marked  degree. 


LECTURE  III. 

DOUBLY  REFRACTIVE  AND  OTHER  ALLIED  PROPERTIES  OF 
CRYSTALS. 

In  my  last  lecture  I  explained  the  nature  and  cause  of  double 
refraction  ;  and  I  now  proceed  to  examine  the  double  refractive 
property  of  crystals,  and  to  show  how  this  is  connected  with,  or 
related  to,  other  properties  of  crystalline  substances. 

1.  Double  Refraction  of  Crystals.— Bvery  transparent 
crystalline  body  refracts  the  rays  of  light  which  are  incident  on 
it  at  oblique  angles ;  and  the  degree  of  its  refractive  power  de- 
pends on  two  circumstances;  viz.,  the  angle  of  incidence,  and 
the  nature  of  the  crystalline  substance.  In  these  respects  crystals 
agree  with  all  other  transparent  media. 

But  a  very  large  number  of  crystals  possess  the  property  of 
double  refraction ;  and  they  are,  therefore,  called  doubly  refract- 
ing crystals,  to  distinguish  them  from  others  which  have  not  this 
property,  and  which  are  denominated  singly  refracting  crystals. 

The  double  refraction  of  some  crystals  is  immediately  mani- 
fested by  the  production  of  duplicate  images  ;  either  through  two 
parallel  surfaces,  as  Iceland  spar,  or  through  two  surfaces  which 
are  more  or  less  inclined  on  each  other.  Thus  to  observe  the 
double  refraction  of  a  crystal  of  quartz,  it  is  necessary  to  look 
through  a  pyramidal  and  lateral  plane  at  the  same  time.  By 
this  contrivance  the  surface  of  emersion  is  inclined  to  that  of 
admission,  which  causes  the  two  pencils  to  emerge  at  different 
inclinations,  and  so  become  further  separated  as  they  proceed. 

Many  crystals,  however,  possess  the  property  of  double  refrac- 
tion in  so  feeble  a  degree  that  it  is  impossible  to  see,  under  ordi- 
nary circumstances,  two  images  ;  and  in  such  cases  we  are  con- 
strained to  employ  the  polariscope  to  detect  this  property. 

In  every  doubly  refracting  crystal  there  are  one  or  more  posi- 
tions or  directions  in  which  the  two  images  become  superposed  ; 
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or,  in  other  words,  in  which  no  double  refraction  exists  or  is 
evident.  These  directions  are  called  the  optic  axes  or  Ihe  axes 
of  double  refraction.  I  have  already  stated  that  the  phrase  axes 
of  NO  double  refractionwould  be  more  intelligible.  These  axes  may 
be  regarded  as  positions  of  equilibrium  where  certain  forces,  which 
exist  within  the  crystal  and  act  in  opposition,  balance  each  other. 
In  crystals  of  certain  forms  they  coincide  with  the  geometrical  or 
crystallographical  axes,whereas  in  crystals  of  other  shapes  they  do 
not ;  but  to  these  points  I  shall  again  have  to  beg  your  attention. 

If  we  consider  doubly  refracting  crystals  in  regard  to  the 
number  of  their  optic  axes  we  may  divide  them  into  two  orders  ; 
one  including  those  that  possess  only  one  axis,  and  another  com- 
prehending such  as  have  two  axes.  The  first  are  called  uniaxial, 
the  second  biaxial  crystals.  As  this  distinction  is  connected 
with  other  remarkable  optical  peculiarities,  as  well  as  with  the 
geometric  and  thermotic  properties  of  crystals,  it  will  be  neces- 
sary to  notice  it  a  little  more  in  detail. 

a.  Uniaxial  Crystals. — Those  crystals  which  have  only  one 
axis  of  [no]  double  refraction,  and  which,  in  consequence,  are 
termed  uniaxial  crystals,  or  crystals  with  one  optic  axis,  belong 
to  the  square  prismatic  or  rhombohedric  systems.  In  them  the 
geometric  or  crystallographic  axis  is  coincident  with  the  optical 
one  ;  that  is,  the  line  or  direction  in  the  crystal,  around  which 
the  figure  is  symmetrically  disposed,  or  about  which  every  thing 
occurs  in  a  similar  manner  on  all  sides,  is  coincident  with  the 
optic  axis,  or  the  axis  around  which  the  optical  phenomena  are 
the  same  in  all  directions.  You  must  not,  however,  suppose 
that  the  axis  is  a  single  line ;  for  there  must  be  as  many  axes  as 
there  may  be  lines  parallel  to  each  other,  so  that  the  word  is 
merely  synonymous  with  a  fixed  direction. 

In  all  other  directions  but  the  one  called  the  optic  axis,  these 
crystals  doubly  refract;  and  of  the  two  rays  thus  produced,  one 
follows  the  ordinary  laws  of  simple  refraction,  and  is  accordingly 
called  the  ordinary  ray,  while  the  other,  being  subject  to  an 
extraordinary  law,  is  denominated  the  extraordinary  ray. 

These  two  rays  advance  with  unequal  degrees  of  velocity; 
the  one  suffering  greater  retardation  than  the  other.  When  the 
ordinary  ray  advances  more  rapidly  than  the  extraordinary  one, 
the  crystal  is  said  to  have  a  negative  or  repulsive  axis  of  [wo] 
double  refraction;  but  when  the  ordinary  ray  advances  less 
rapidly,  the  crystal  is  said  to  possess  a  posifzue  or  attractive  axis 
In  other  words,  when  the  extraordinary  ray  is  refracted  towards 
the  axis,  the  crystal  is  said  to  have  a  positive  axis;  but  when 
the  ray  is  refracted  from  the  axis,  the  crystal  is  said  to  have 
a  negative  axis.  These  terms  are  not  very  expressive  of  the 
property  they  are  intended  to  represent.    Biot  used  the  terms 
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attractive  and  repulsive  to  designate  the  attractive  or  repulsive 
forces  which  he  supposed  to  emanate  from  the  axes  of  crystals. 
For  it  is  obvious  that  if  the  extraordinary  ray  be  most  retarded, 
it  will  be  refracted  from  the  axis,  that  is,  it  will  appear  to  be 
repelled  by  a  force  emanating  from  the  axis;  whereas,  if  it  be 
the  least  retarded,  it  will  be  refracted  towards  the  axis,  or  will 
appear  to  be  attracted  by  a  force  emanating  from  the  axis. 
Now  it  was  to  obviate  the  hypothesis  which  these  terms  involve, 
that  Brewster  substituted  the  words  positive  and  negative  for  the 
terms  attractive  and  repulsive,  merely  meaning  to  denote  by 
them  the  opposition,  but  not  the  nature,  of  the  forces. 

Table  of  Uniaxial  Crystals. 

Positive  {+)  or  attractive  Crystals. 
(Ordinary  ray  most  retarded). 
Zircon 


Negative  (— )  or  repttlsive  Crystals 
(Extraordinary  ray  most  retarded^. 

Iceland  Spar 
Tourmaline 
Nitrate  of  Soda 
Bicyanide  of  Mercury 


Quartz 
Oxide  of  Tin 
Ice 


In  uniaxial  crystals  the  position  of  the  optic  axis  is  constant, 
whatever  be  the  colour  of  the  light ;  whereas  in  biaxial  crystals 
this  is  not  the  case,  as  I  shall  presently  show. 

b.  Of  Biaxial  Crystals.— A  very  large  number  of  crystals, 
including  all  which  belong  to  the  right  rhombic  prismatic,  oblique 
prismatic,  and  doubly  oblique  systems,  have  two  axes  of  double 
refraction,  which  are  more  or  less  inclined  to  each  other.  Such 
crystals  are,  in  consequence,  denominated  biaxial  crystals,  or 
crystals  with  two  optic  axes.  In  them  there  is  no  single  line  or 
axis  around  which  the  figure  is  symmetrical,  as  in  uniaxial  crys- 
tals ;  and  the  optic  axes  do  not  always,  or  even  frequently,  coin- 
cide with  any  fixed  line  in  the  crystals.  Now  this  fact  has  led 
Dr.  Brewster  to  believe  that  the  optic  axes  are  not  the  real  axes 
of  the  crystals,  but  only  the  resultants  of  the  real,  or  polarising, 
axes,  or  lines,  in  which  the  opposite  actions  of  the  two  real  axes 
compensate  each  other.  Hence  he  terms  them  the  resultant 
axes,  or  axes  of  no  polarization,  or  of  compensation. 

The  following  is  a  list  of  a  few  biaxial  crystals  ;  and  for  a  more 
extensive  one  I  must  refer  my  auditors  to  Dr.  Brewster's  works  : 

TaUe  of  Biaxial  Crystals. 

Character  of  Principal  Inclination  of  Resultant 
Axes*.  Axes. 

Glaubcrite    Negative   2°  or  S"* 

Nitrate  of  Potash    Negative   5°  20 

Carbonate  of  Lead   Negative   lO^  35| 

Arragonite   Negative   IS"  18 

Borax    Positive   28"  42' 

Sugar    Negative   50° 

Selenite    Positive   eO"* 

Rochelle  Salt    Positive   80°  

*  The  principal  axis  is,  according  to  Dr.  Brewster,  the  middle  point 
between  the  two  nearest  poles  of  no  polarization.— PA//.  Tc^ns.,  1818. 
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Of  the  two  rays  produced  by  the  double  refraction  of  biaxial 
crystals,  neither  can  be  strictly  denominated  the  ordinary  one, 
since  neither  of  them  is  refracted  according  to  the  ordinary  law  of 
single  refraction.  Both  of  them  then  are  extraordinary  rays,  since 
they  are  refracted  according  to  the  laws  of  extraordinary  refraction. 

Another  peculiarity  of  biaxial  crystals  is  that  the  position  of  the 
optic  axes  is  not  constant,  but  varies  in  the  same  crystal,  according- 
to  the  colour  of  the  intromitted  ray,  and  the  temperature  of  the 
crystal.  Thus  a  violet  ray  is  separated  into  two  pencils  when 
incident  in  the  same  direction  in  which  a  red  one  is  refracted 
singly.  Sir  John  Herschel,  to  whom  we  are  indebted  for  this 
discovery,  found  that  the  inclination  of  the  resultant  axes,  in 
Rochelle  salt,  is  for  violet  light  .56°,  and  for  red  light  IQ^,  but 
in  the  case  of  nitre,  the  inclination  of  the  axes  for  violet  light  is 
greater  than  for  red  light,  and  Dr.  Brewster  discovered  that 
glauberite  has  two  axes  for  red  light  inclined  about  5°,  and  only 
one  axis  for  violet  light.  The  changes  produced  on  the  inclina- 
tions of  these  axes  by  heat,  I  shall  hereafter  have  occasion  to 
notice. 

In  conclusion,  then,  crystals  considered  with  respect  to  their 
singly  or  doubly  refractive  properties  may  be  thus  arranged  : 

OPTICAL  CLASSIFICATION  OF  CRYSTALS. 

Class  i. 
Singly  refracting  crystals. 

Doubly  refracting  crystals  ..  \  ^.''f-Z  l'  Uniaxial,.  •>   jy     V  a.  Repulsive  fnegative)  or 
"    '  <  Orrfer  2.  Biaxial  ..  J  (6.  Attractive  (positive) 

2.  Form  of  Crystals. — A  remarkable  connexion  exists  between 
the  optical  properties  and  the  geometrical  forms  of  crystals ;  and 
to  this  I  have  now  to  beg  your  attention. 

A  crystal,  like  every  other  solid,  possesses  length,  breadth,  and 
thickness  ;  and  the  measures  of  these  are  three  imaginary  lines 
which  pass  through  the  centre  of  the  crystal,  and  are  termed  the 
axes.  They  may  be  denominated  crystallographical  or  geome- 
trical axes,  to  distinguish  them  from  the  optic  axes  with  which 
they  do  not  always  coincide.  Rose  defines  them  to  be  "certain 
lines  which  pass  through  the  centre  of  the  crystal,  and  around 
which  the  faces  are  symmetrically  disposed." 

In  some  forms  all  these  axes  are  equal  in  length,  as  in  the 
cube ;  and  in  such  cases  it  is  said,  that  the  axes  are  similar  or 
alike.  Such  crystals  are  termed  equiaxed.  But  in  a  very  large 
proportion  of  cases  the  axes  are  not  all  equal,  and  these  crystals 
are  said  to  be  uneqidaxed.  Now  it  is  a  remarkable  circumstance, 
that  the  equiaxed  crystals  are  single  refractors,  while  the  unequi- 
axed  are  double  refractors.  This  is  the  first  fact  demonstrative 
of  the  connexion  between  the  forms  and  the  optical  properties  of 
crystals. 
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Of  the  uneqiiiaxed  crystals  some  have  two,  others  three  kinds  of 
axes.  If,  for  example,  the  length  and  the  breadth  of  a  crystal 
be  alike,  but  the  thickness  different,  the  axes  are  of  two  kinds. 
Such  crystals  are  usually  said  to  have  two  dissimilar  axes,  but  I 
shall  term  them  di-unequiaxed.  Other  unequiaxed  crystals 
have  all  their  axes  unequal;  in  other  words,  their  length,  their 
breadth,  and  their  thickness  are  all  unequal.  Such  crystals 
are  generally  said  to  have  three  dissimilar  axes,  but  I  shall 
call  them  tri-unequiaxed.  Now,  it  is  most  remarkable  that 
the  di-unequiaxed  crystals  are  double  refractors,  with  one 
axis  of  [no]  double  refraction,  while  the  tri-unequiaxed  are 
double  refractors  Avith  two  axes  of  [no]  double  refraction.  Here 
is  another  curious  fact,  illustrative  of  the  relation  which  exists 
between  the  shape  and  optical  properties  of  crystals. 

Modern  crystallographers  arrange  crystals  in  six  groups,  called 
systems.  The  equiaxed  crystals  constitute  one  system,  called  the 
cubic,  octohedral  or  tessular  system.  The  di-unequiaxed  crystals 
comprehend  two  systems ;  one  termed  the  square  prismatic  or 
pyramidal  system,  the  other  called  the  rhombohedric  or  rhombo- 
hedral  system.  The  tri-unequiaxed  crystals  include  three  sys- 
tems :  one  denominated  the  right  rhombic  or  rectangular 
prismatic  system  ;  a  second  termed  the  oblique  rhombic  or  rec- 
tangular prismatic  system;  and  a  third,  called  the  doubly 
oblique  prismatic  system.  The  following  table  will,  perhaps, 
render  these  statements  more  intelligible ; 

GBOMKTRICAL  CLASSIFICATION  OF  CRYSTALS. 

Systems. 

Olass  1»  1 

Equiaxed    crystals  >   i.  Cufcic  or  Octohedral. 

(single  refractors)]  . 

[Order  l.  Di-unequiaxed  {one  axts  Si.  Square  Prismatic. 

Class  2.  of  \no'\  double  refraction)  1 3.  Rhombohedric. 

Unequiaxedcrystals^  orrf^t-o  Tri  iinPnniaxedCtooaare*  f^-  Rhombic  Prismatic, 

(dotible  refractors)  I  fJraer2.  Ui  nneq,maxea{iteoaxes  }  ob  ique  Rhombic  Pnsmatie. 
{double  rejractors)  y  ^^^^^^  refractiorC) . . . .  'j^gj  ^^^^^  0^^^^  prismatic. 

I  shall  not  at  present  enter  into  any  further  details  respecting 
the  geometrical  peculiarities  of  each  of  these  systems,  as  the 
subject  will  be  more  appropriately  considered  presently. 

3.  Expansibility. — Between  the  particles  of  matter  there 
exist  two  classes  of  forces,  the  one  attractive,  the  other  repulsive. 
By  the  first,  particles  are  approximated  and  united  to  form 
masses ;  by  the  second,  they  are  separated  to  greater  or  less  dis- 
tances. Hence  attraction  and  repulsion  are  antagonizing  forces. 

Caloric  or  heat  is  a  repulsive  force.  It  augments  the  distance 
between  particles  and  thereby  weakens  their  attractive  force ;  for 
molecular  attraction  rapidly  diminishes  as  the  distance  between 
the  particles  increases.  Hence  solids  and  fluids,  when  heated, 
expand  or  dilate; 

But  the  force  of  attraction  which  exists  between  the  particles 
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of  different  bodies  (solids  and  liquids)  varies  considerably:  in 
some  being  much  greater  than  in  others.  Hence,  the  same  amount 
of  heat  gives  rise  to  a  very  different  degree  of  expansion  in  dif- 
ferent bodies.  In  other  words,  each  solid  or  liquid  has  an  expan- 
sion peculiar  to  itself,  owing  to  the  greater  or  less  attractive  force 
which  exists  between  the  molecules. 

Some  crystals,  when  heated,  expand  equally  in  all  directions, 
and  such  I  shall  accordingly  denominate  equiexpanding.  Now 
it  is  obvious  that  in  these  the  existence  of  equally  attractive 
forces  in  all  directions  must  be  inferred  ;  and  it  is  a  curious  and 
striking  confirmation  of  this  inference  that  crystals,  which  suffer 
equal  expansion  in  all  directions,  are  singly  refracting  and 
equiaxed. 

A  very  large  number  of  crystals,  however,  dilate,  when  heated, 
unequally  in  different  directions;  and  such  may  be  conve- 
niently denominated  unequiexpanding .  In  them  expansion  in 
one  direction  is  accompanied  in  some,  if  not  in  all  cases,  with 
contraction  in  another  direction;  and  it  is, therefore,  obvious,  that 
the  force  of  attraction  between  their  particles  must  be  unequal 
in  different  directions,  the  attractive  or  cohesive  force  being 
least  in  that  direction  in  which  the  expansion  is  the  greatest. 
Crystals  of  this  class  are  doubly  refracting  and  unequiaxed. 

The  essential  difference  in  shape  between  an  equiexpanding 
and  an  unequiexpanding  crystal  is,  that  the  first  can  be  inscribed 
within  a  sphere,  the  second  cannot.  We  may  rudely  illustrate 
this  in  the  lecture-room,  by  diagram,  substituting  planes  for 
solids,  by  inscribing  a  square,  or  an  equilateral  triangle  in  a 
circle  (fig.  23,  A  and  B).  The  first  will  represent  the  face  of  a 
cube,  the  second  that  of  the  regular  tetrahedon.  Now,  it  will  be 
perceived  that  the  circumference  of  the  circle  passes  through  all 
the  angular  points  of  the  figure  about  which  it  is  described.  All 
these  forms  are  equiexpanding. 

Fia.  23. 


The  regular  six-sided  prism  expands  unequally  in  some  direc- 
tions, but  equally  in  others.  If  now  we  describe  a  circle  around 
the  terminal  faces,  it  will  be  perceived  that  it  passes  through  all 
the  angular  points  of  this  face  (fig.  23,  C),  and  in  all  directions,  in 
this  plane,  the  crystal  expands  equally.  The  rhombohedron  can- 
not be  inscribed  within  the  sphere,  because  its  axes  are  unequal. 
If,  for  example,  we  attempt  to  describe  a  circle  around  the 
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rhombic  face  of  Iceland  spar  (fig.  23,  D),  it  will  be  found  that  while 
the  obtuse  angles  (a  a' )  are  contained  within  the  circle,  the  acute 
ones  (6  V  )  project  beyond  it.  Now,  under  the  influence  of  heat, 
this  face  expands  in  the  direction  of  the  shortest  axis,  but  contracts 
in  that  of  the  longest  axis,  by  which  the  rhomb  approaches  to  the 
square,  the  obtuse  angles  becoming  more  acute,  the  acute  ones 
more  obtuse  (fig.  23,  E). 

These  illustrations  will  serve  to  give  some  general  notions  of 
the  relations  which  exist  between  the  forms  and  expansibilities 
of  crystals. 

The  di-uneguiaxed  crystals  —  that  is,  the  doubly-refracting 
crystals,  which  have  only  one  axis  of  [no]  double  refraction — 
expand  equally  in  the  direction  of  the  equal  crystallographical 
axes,  but  differently  in  that  of  the  remaining  one;  and  we  may, 
therefore,  denominate  them  di-unequiexpanding  crystals.  If, 
for  example,  a  rhombohedron  of  Iceland  spar  be  subjected 
to  heat,  it  expands  in  the  direction  of  its  shortest  axis,  but 
contracts  in  all  directions  perpendicular  to  this,  and  in  an 
intermediate  direction  it  neither  dilates  nor  contracts.  Thus, 
according  to  Mitscherlich  and  Dulong,  when  heated  from  32°  to 
212°  Fahr,  it  actually  expands,  in  the  direction  of  the  shorter 
axis,  0.00286,  and  contracts  in  a  direction  perpendicular  to  this 
0.00056 ;  so  that  its  apparent  or  relative  expansion  in  this  axis 
is  0.00342  (that  is  0.00286  +  0.00056).  Now  a  necessary  con- 
sequence of  this  unequal  expansion  is  an  alteration  in  the 
angles  of  the  crystal :  the  obtuse  ones  become  more  acute,  the 
acute  ones  more  obtuse.  In  other  words,  the  rhombohedron 
approximates  to  the  cube ;  and  in  proportion  to  this  change  of 
form  is  the  diminution  of  doubly  refracting  energy.  Mitscher- 
lich had  conjectured  that  the  latter  effect  would  take  place, 
and  Rudberg  has  verified  the  conjecture.  The  last  mentioned 
philosopher  found,  that  while  the  ordinary  refraction  of  Iceland 
spar  underwent  little  or  no  change,  the  extraordinary  refraction 
was  considerably  diminished  by  an  augmentation  of  temperature. 
Fic.  21.  The    tri-unequiaxed    crystals   expand  when 

heated,  unequally  in  the  direction  of  all  their  axes, 
and,  therefore,  they  may  be  denominated  tri- 
une quiexpa7iding  crystals.  When  the  temperature 
of  selenite  is  augmented,  the  inclinations  of  all  its 
faces  suffer  changes.  Thus  according  to  Mitscher- 
lich by  heating  it  from  32°  to  212°,  the  inclination 
of  the  faces  cc'  was  altered  10'50",  that  of  the 
faces  a  a  8'25",  and  that  of  the  edges  b  b'  only  7'26". 

I  have  already  explained  what  is  meant  by 
the  terms  positive  or  attractive,  and  repulsive 
,  ,       or  neqative  axes.  They  refer  to  optical  differences 
selenite.       in  crystals,  for  which  we  find  no  correspondnig 
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geometric  or  crystallograpliical  differences.  Now  there  have  been 
observed,  in  the  effects  of  heat  on  crystals,  differences  analogous 
to  the  optical  ones  just  referred  to.  Thus,  in  crystals  with  a  repul- 
sive or  negative  axis,  as  Iceland  spar,  expansion  is  greatest  in  the 
direction  of  the  shortest  axis,  showing  that  the  molecular  attraction 
in  this  direction  is  the  weakest;  whereas  in  positive  or  attractive 
crystals,  as  selenite,  heat  produces  less  dilatation  in  a  direction 
parallel  to  the  axis  than  in  a  direction  perpendicular  to  it. 

"  The  inchnation  of  the  optic  axes,  in  biaxial  crystals,"  says 
Mr.  Lloyd,  "  is  a  simple  function  of  the  elasticities  of  the  vibrat- 
ing medium  in  the  direction  of  three  rectangular  axes,  and  the 
plane  of  the  optic  axes  is  that  of  the  greatest  and  least  elasticities. 
If,  then,  these  three  principal  elasticities  be  altered  by  heat  in 
different  proportions,  the  inclination  of  the  axes  will  likewise 
vary  ;  and  if,  in  the  course  of  this  change,  the  difference  between 
the  greatest  elasticity  and  the  mean,  or  between  the  mean  and 
the  least,  should  vanish  and  afterwards  change  sign,  the  two  axes 
will  collapse  into  one,  and  finally  open  out  in  a  plane  perpen- 
dicular to  their  former  plane.  All  these  variations  have  been 
actually  observed.  Professor  Mitscherlich  found,  that  in  sulphate 
of  lime  the  angle  between  the  axes  (which  is  about  60°  at  the 
ordinary  temperature)  diminishes  on  the  application  of  heat;  that, 
as  the  temperature  increases,  these  axes  approach  until  they  unite ; 
and  that,  on  a  still  further  augmentation  of  heat,  they  again 
separate,  and  open  out  in  a  perpendicular  plane.  The  primitive 
form  of  the  crystal  undergoes  a  corresponding  change,  the  dila- 
tation being  greater  in  one  direction  than  in  another  at  right  ano-les 
to  it.  Sir  David  Brewster  has  observed  an  analogous  and  even  yet 
more  remarkable  property  in  glauberite.  At  the  freezini>-  tem- 
perature, this  crystal  has  two  axes  for  all  the  rays  of  the  spectrum, 
the  inclination  of  the  axes  being  greatest  in  red  light  and  least 
in  violet.  As  the  temperature  rises,  the  two  axes  approach,  and 
those  of  different  colours  unite  in  succession ;  and  at  the  ordinary 
temperature  of  the  atmosphere,  the  crystal  possesses  the  singular 
property  of  being  tiniaxial  for  violet  light,  and  biaxial  for  red. 
When  the  heat  is  further  increased,  the  axes  which  have  united 
open  out  in  order,  and  in  a  plane  at  right  angles  to  that  in  which 
they  formerly  lay,  and  at  a  temperature  much  below  that  of 
boiling  water,  the  planes  of  the  axes  for  all  colours  are  perpen- 
dicular to  their  first  position.*  The  inclination  of  the  optic  axes 
in  topaz,  on  the  other  hand,  augments  with  the  increase  of  tem- 
perature, and  the  variation  M.  Marx  has  observed,  is  much 
greater  in  the  coloured  than  in  the  colourless  varieties  of  this 
mineralf." 


•  Edin.  Trans,,  vol.  xi. ;  and  Phil.  Mag.,  3d  series,  vol.  i.,  417. 
t  Jahrb.  der  Chemie,  vol.  ix. 
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In  conclusion,  then,  crystals  considered  with  reference  to  the 
effects  of  heat  on  them,  may  be  thus  arranged  : — 

THEEMOTIC  CLASSIFICATION  OF  CBYSTALS. 

Class  1. 

Equiexpanding  crystals  (single  refractors,  equiaxed). 
Class  2.  ") 

Unequiexpanding       Order  1.  Di-unequiexpanding  (one  optic  axis,  di-untquiaxed). 
crystals  !> 

(double  refractors,      Order  2.  Tii-\xneciuieij)aniiBg(tuio  optic  axes,tri-unequiaxed). 
unequiaxed)  J 

4.  Atoms  or  Molecules. — It  has  been  correctly  stated  by  Dr. 
Brewster,*  that  the  polarizing  or  doubly  refracting  structure  of 
crystals  must  ''depend  on  the  form  of  their  integrant  molecules, 
and  the  variation  in  their  density."  A  few  observations  on  the 
atoms  or  molecules  of  crystals,  will  not,  therefore,  be  out  of 
place  on  the  present  occasion. 

Like  all  other  aggregates,  crystals  are  made  up  of  certain 
small  parts  conventionally  called  atoms  or  molecules.  It  is  un- 
necessary to  discuss  the  question  of  their  finite  or  infinite  divisi- 
bility; and  to  obviate  the  necessity  of  this,  I  shall  assume  with 
Dumas,t  that  an  atom  is  the  smallest  particle  of  a  body,  which 
by  mere  juxtaposition  with  the  particles  of  other  bodies,  gives 
rise  to  a  combination.  Hence,  therefore,  the  small  parts  of  any  one 
body  which  combine  chemically  with  certain  small  parts  of 
another  body,  without  suflTering  further  division,  are  what  we 
understand  by  the  terms  atoms  or  molecules. 

As  these  small  parts  or  atoms  are  invisible,  even  when  we  aid 
the  eye  by  the  most  powerful  microscope,  it  is  obvious  that  all 
observations  on  their  size  and  shape  must  be  speculative.  Two 
opinions,  however,  have  prevailed  with  respect  to  their  form, 
Haliy  and  others  have  adopted  the  notion  of  their  angular  shape, 
while  Hooke,  Wollaston,  and  other  more  recent  writers,  assume 
them  to  be  rounded.  If  we  were  to  deduce  the  form  of  the  miSle- 
cules  from  that  of  their  aggregates,  Ave  should  adopt  the  angular 
hypothesis  ;  for  the  most  minute  fragment  of  a  crystal  which  we 
can  procure  and  see,  is  angular.  On  the  other  hand,  the  spheroidal 
form  of  the  planetary  bodies,  the  tendency  which  liquids  manifest 
to  assume  the  spherical  sha})e,  and  the  mechanical  facilities 
which  the  hypothesis  of  rounded  atoms  offers  in  the  grouping  of 
the  atoms,  have  led  later  writers  to  adopt  almost  exclusively 
the  views  of  Hooke  and  Wollaston. 

But  it  may  be  asked.  Is  the  shape  of  an  atom  constant?  or 
can  it  suffer  change  ?  May  not  the  atoms  of  liquids  be 
spherical  or  ellipsoidal  and  those  of  crystals  angular  ?  Ellip- 
soidal forms  become  angular  by  mutual  compression  ;  and  hence 
may  not  the  ellipsoidal  atoms  of  a  liquid  become  angular  in  the 
act  of  crystallization?  The  idea  has  not,  to  my  knowledge,  oc- 


*  Phil.  Jrans.  for  1818,  p.  264.      t  Traite  de  Chimie,  t.  1,  p.  33,  1828. 
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curred  to  crystallogTaphers,  but  it  appears  to  me  that  the  subject 
well  deserves  consideration. 

A  spheroid  is  said  to  be  oblate,  when,  as  in  the  case  of  the 
earth,  the  shortest  diameter  is  its  axis  of  revolution,  but  it  h prolate 
or  oblong,  when  the  longer  diameter  is  its  axis  of  revolution.  Now 
the  shorter  diameter  may  be  regarded  as  the  direction  of  the 
greatest  attraction,  or  of  compression,  while  the  longer  diameter 
is  the  direction  of  least  attraction  or  of  dilatation.  In  the  case 
of  the  earth  it  is  well  known  that  gravity  is  greater  at  the  poles 
than  at  the  equator,  a  body  weighing  about  xg-jth  more  at  the 
former  than  at  the  latter.  It  might,  therefore,  be  supposed  that 
crystals  with  one  positive  or  attractive  axis  of  double  refraction 
would  be  formed  of  oblate  spheroids,  while  those  with  one  nega- 
tive or  repulsive  axis,  would  be  made  up  of  prolate  spheroids. 

But  an  objection  exists  to  this  hypothesis.  According  to  it, 
obtuse  rhombohedra  ought  to  have  one  positive  axis,  while  acute 
rhombohedra  should  have  one  negative  axis  of  double  refraction. 
Now  the  crystalline  form  of  Iceland  spar  is  an  obtuse  rhombo- 
hedron,  but  the  optic  axis  of  this  substance  is  negative,  so  that  its 
crystalline  form  is  that  which  is  produced  by  an  oblate  spheroid, 
while  its  optical  property  is  that  of  a  prolate  spheroid.  To  obviate 
this  objection,  Dr.  Brewster*  suggests  that  the  molecules  have  the 
form  of  oblate  spheroids,  whose  polar  is  to  their  equatorial  axis 
as  1  to  2.8204,  and  that  they  were  originally  more  oblate,  but 
have  been  rendered  less  so  by  the  force  of  aggregation,  which 
dilated  them  in  the  direction  of  the  smaller  axis. 

In  point  of  fact,  however,  this  assumption  does  not  entirely 
obviate  the  difficulty,  as  the  spheroids  are  still  supposed  to  be 
oblate,  though  their  axis  is  a  negative  one ;  and  it  appears  pro- 
bable, that  the  same  force  which  would  render  the  axis  negative, 
should  change  the  shape  of  the  spheroid  from  the  oblate  to  the 
prolate.  Moreover,  Dr.  Brewster's  explanation  involves  the  im- 
probable supposition  that  the  original  very  oblate  spheroids  if 
''placed  together  without  any  forces  which  would  alter  their 
form,"  would  *'  compose  a  rhombohedron  with  a  greater  angle, 
and  having  no  double  refraction." 

On  the  assumption  that  the  axes  of  the  atoms  of  crystals  bear 
the  same  relations  to  each  other  that  the  axes  of  the  systems  of 
crystals  themselves  do,  I  have  drawn  up  the  following  table  of 
the  supposed  shapes  of  the  atoms : 

TABLE  OF  THE  SHAPES  OF  THE  ATOMS  OF  CRYSTALS. 

Systems  of  Crystals. 
Class  1.  Equiaxed  {spheres)  j.  Cubic 

fOrderx.  Twoequalaxes(.M.m-rf.){^;  HZ^.^^I^^,^^ 
p.]  Class  2.  Unequiaxed<  (i.  Right  Prismatic 

3  I  Order  2.  Three  unequal  axes  \b.  Oblique  Prismatic 

"  V   ^  I.6.  Doubly  Oblique 

*  Phil.  Trans.,  1830.  ■ 
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The  doubly  refracting  structure  is  not  inherent  in  the  mole- 
cules themselves.  Quartz  or  crystallized  silica  doubly  refracts; 
but  tabasheer,  opal,  and  melted  quartz,  all  siliceous  substances, 
do  not.  Ice  doubly  refracts,  while  water  singly  refracts.  What 
is  the  reason  of  this  ? 

It  will  be  generally  admitted,  I  presume,  that  the  double  refrac- 
tion of  ice  is  a  molecular  property,  and  is  associated  with  the 
shape  of  the  atom  ;  and  hence,  if  the  atoms  of  water  have  the 
same  form  as  those  of  ice,  they  ought  also  to  possess  the  doubly 
refracting  property  of  the  latter.  Now,  the  advocates  for  the 
hypothesis  of  the  unchangeability  of  atomic  forms  contend,  that 
in  ice  the  atoms  are  symmetrically  and  regularly  arranged,  with 
their  axes  pointing  in  the  same  direction ;  while  in  water 
they  are  unsymmetrically  or  irregularly  arranged  or  jumbled 
together  in  such  a  manner  that  their  axes  have  every  possible 
direction,  so  as  to  create  a  general  equilibrium  of  the  polarizing 
forces.  But,  if  this  were  the  case,  two  specimens  of  water 
would  scarcely  ever  present  the  same  optical  properties.  If,  by 
any  accident,  the  axes  of  a  large  majority  of  the  molecules  should 
happen  to  be  arranged  in  the  same  direction,  the  liquid  would 
then  possess  a  doubly  refracting  property.  Now,  it  appears  to 
me,  that  no  hypothesis  can  be  correct  which  ascribes  to  accident 
or  chance  a  constant  and  invariable  property  of  a  body  ;  for  I 
hold,  that,  except  when  approaching  the  freezing  point,  liquid 
water  is  invariably  a  single  refractor. 

But  on  the  assumption  that  the  shapes  of  atoms  are,  to  a  cer- 
tain extent,  capable  of  change,  the  difficulty  is  easily  obviated. 
Suppose  the  atoms  of  liquid  water  to  be  spheres,  and  that  in  the 
act  of  freezing  they  become  spheroids,  the  expansion  of  water  in 
the  act  of  freezing,  the  doubly  refracting  property,  and  the  crys- 
talline form  of  ice  would  then  be  readily  explicable. 

A  consistent  explanation  of  Dimorphism  can  scarcely  be 
offered  except  on  the  assumption  of  the  changeability  of  the 
shapes  of  the  atoms.  Carbonate  of  lime,  for  example,  crystal- 
lizes in  two  distinct  and  incompatible  forms,  the  one  belonging  to 
the  rhombohedric,  the  other  to  the  right  prismatic  system.  In 
the  first  case,  we  call  it  Iceland-spar;  in  the  other,  arragonite. 
Iceland-spar  has  one  negative  optic  axis,  arragonite  has  two 
negative  optic  axes.  The  shapes  of  the  atoms  of  these  bodies 
must,  therefore,  be  different.  Admit  that,  under  certain  circum- 
stances, the  atom  of  carbonate  of  lime  can  change  its  shape, 
and  all  difficulty  as  to  the  production  of  these  forms  is  at  an  end. 

We  suppose,  therefore,  that  "  when  in  the  process  of  evapora- 
tion or  cooling,  any  two  molecules  are  brought  together  by  the 
forces  or  polarities  which  produce  a  crystalline  arrangement,  and 
strongly  adhere,  they  will  mutually  compress  one  another."  If 
the  compression  in  three  rectangular  directions  be  equal,  the 
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crystal  will  be  a  singly  refracting  one  :  if  the  compression  in 
two  directions  be  equal  but  different  in  the  third,  the  crystal  will 
be  a  doubly  refracting  one  with  one  optic  axis  :  and,  lastly,  if  the 
compression  be  difl'erent  in  each  of  the  threo  directions,  the  crystal 
will  doubly  refract,  and  have  two  optic  axes. 

5.  Molecular  Forces. — Between  the  molecules  of  crystals,  as 
well  as  of  other  bodies,  there  exist  attractive  and  repulsive  forces, 
in  virtue  of  which  the  molecules  are  retained,  not  in  contact,  but 
within  certain  distances  of  each  other.  These  forces  are  an- 
tagonists, and,  therefore,  the  molecules  acting  under  their  influ- 
ence, take  up  a  position  of  equilibrium,  where  the  two  opposing 
powers  counterbalance  each  other. 

But  in  crystals  it  is  necessary  to  admit,  besides  ordinary  attrac- 
tion and  repulsion,  a  third  molecular  force  called poZanVy,  which 
may  be  regarded  either  as  an  original  or  a  derivative  property. 
Without  this  it  is  impossible  to  account  for  the  regularity  of  crystal- 
line forms.  Under  the  influence  of  a  mutually  attractive  force 
particles  would  adhere  together  and  form  masses ;  the  shapes  of 
which,  however,  would  be  subject  to  the  greatest  variety ;  and 
though  occasionally  they  might  happen  to  be  regular,  yet  this 
could  not  constantly  be  the  case. 

The  simplest  conception  we  can  form  of  polarity  is  that  it  de- 
pends on  the  unequal  action  of  molecular  attraction  or  repulsion 
in  different  directions.  A  molecule  endowed  with  unequal  at- 
tractive forces  in  different  directions  may  be  said  to  be  possessed 
of  polarity. 

A  crystal  has  length,  breadth,  and  depth  or  thickness.  It  is 
composed  of  molecules  accumulated  in  three  different  directions 
corresponding  to  these  three  measurements ;  and  it  is  obvious, 
therefore,  that  to  account  for  their  cohesion  we  must  suppos'e 
that  they  attract  each  other  in  three  directions  ;  moreover,  as  the 
relative  intensity  of  their  attraction  in  these  directions  is,  in  many 
cases,  unequal,  it  might  be  even  supposed  that  they  are  three 
different  kinds  of  attractions.  To  render  this  subject  intelligible 
I  shall  make  use  of  some  illustrations  employed  by  Dr.  Prout  in 
one  of  the  Bridgewater  Treatises. 

Fia.  24.  Fio.25.  Fro. 26, 
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Suppose  three  molecules  to  adhere  together  to  form  a  single 
roiu,  line,  or  string  of  molecules,  in  virtue  of  an  attractive  force 
vk^hich  I  shall  distinguish  by  the  name  of  the  length  force.  The 
points  AAA  or  a  a  a  are  supposed  to  mutually  repel  each  other, 
while  AaAaAa  mutually  attract  (fig.  24). 

Let  us  further  suppose  that  three  such  rows  of  particles  cohere 
in  virtue  of  an  attractive  force  acting  in  a  direction  perpendicular 
to  the  first.  We  may  distinguish  this  as  the  breadth  force.  The 
points  B  B  B  or  hbb  are  supposed  to  mutually  repel,  while 
Bb  Bb  Bb  mutually  attract.  These  three  rows  of  particles  by 
their  cohesion  form  a  -plane  (fig.  25). 

Again  let  us  assume,  that  three  such  planes  cohere  together,  in 
virtue  of  an  attractive  force  acting  in  a  direction  perpendicular  to 
both  the  other  forces.  Tliis  force  we  may  denominate  the  depth 
force.  The  points  C  C  C  or  cc c  are  assumed  mutually  to  repel, 
while  Cc  Cc  Cc  mutually  attract.  These  three  planes  by  their 
union  form  a  solid  (fig.  26). 

Thus,  then,  we  suppose  that  the  molecules  of  crystals  have 
three  rectangular  axes  of  attraction,  or  *'  lines  along  which  they 
are  most  powerfully  attracted,  and  in  the  direction  of  which 
they  cohere  with  different  degrees  of  force." 

Though  for  convenience  and  facility  of  explanation  I  have 
employed  the  terms  length-force,  breadth-force,  and  depth-force, 
I  by  no  means  wish  you  to  suppose  that  I  adopt  the  notion  of 
the  distinct  nature  of  these  forces.  They  may  be,  perhaps  they 
are,  one  force  acting  in  three  directions. 

These  forces  may  be  equal  or  unequal,  and  in  the  latter  case 
two  only,  or  all  three,  may  be  unequal.  That  is,  in  some  crystals 
the  length-force  may  be  equal  to  the  breadth-force,  and  this  to 
the  depth-force.  Or  two  only  of  the  forces  may  be  equal,  the 
third  being  unequal :  or,  lastly,  all  three  may  be  unequal. 
_  As  I  have  already  had  frequent  occasion  to  speak  of  the  elas- 
ticity of  crystals,  and  as  I  shall  again  have  to  refer  to  it,  I  think 
it  proper  to  explain  what  is  meant  by  it.  I  have  stated  that  the 
molecules  of  bodies  are  not  in  actual  contact,  but  are  separated 
by  greater  or  less  intervals.  They  are  kept  from  actual  contact 
to  which  attraction  urges  them,  by  repulsion,  while  their  further 
separation  is  opposed  by  attraction. 

Now  we  may  disturb  their  state  of  equilibrium.  We  may,  for 
example,  by  some  compressing  force,  compel  the  particles  to 
approach  nearer  to  each  other ;  but  when  the  distflrbing  cause 
ceases  to  act,  the  particles  after  a  few  oscillations  take  up  their 
original  position.  This  then  is  what  we  mean  by  elasticity,  which 
is  obviously  a  consequence  of  attraction  and  repulsion.  An 
elastic  body  is  one  which  has  the  property  of  restoring  itself  to  its 
former  figure  after  any  force  which  has  disturbed  it  is  withdrawn. 


DOUBLY  REFRACTIVE  PROPERTIES  OP  CRYSTALS.  63 


If  by  any  force  we  approximate  the  particles  of  an  elastic 
body,  we  augment  its  elasticity,  and  vice  versa.  Now,  as  it  is 
repulsion  which  opposes  the  approximation  of  particles,  it  appears 
that  it  is  this  force  principally  which  confers  on  bodies  the 
property  called  elasticity. 

In  some  crystals  their  elasticity  is  equal  in  three  rectangular 
directions.  Such  crystals  may  be  denominated  equielastic. 
Others,  however,  have  unequal  elasticities  in  different  directions, 
and  may  be  termed  unequielastic.  The  first  are  single  refractors, 
the  latter  are  double  refractors.  Of  the  unequielastic  crystals, 
some  have  two  of  their  three  elasticities  equal,  others  have  all 
three  of  their  elasticities  unequal:  the  first  may  be  termed 
di-unequielastic — the  second,  tri-unequielastic. 

The  elasticity  in  the  crystallographical  axis  may  fall  short  of  or 
exceed  that  in  other  directions  :  in  the  first  case,  crystals  are  said 
to  have  a  negative  or  repulsive  axis,  or  an  axis  of  dilatation  ;  in 
the  latter  case,  they  are  said  to  have  a  positive  or  attractive 
axis,  or  an  axis  of  compression. 

By  experiments  made  by  Savart*,  on  the  mode  of  sonorous 
vibration  of  crystalline  substances,  it  has  been  shown,  that  the 
negative  or  repulsive  axis  is  the  axis  of  least  elasticity,  while  tlje 
positive  or  attractive  axis  is  the  axis  of  greatest  elasticity.  "  In 
carbonate'of  lime,"  he  observes,  '*it  is  the  small  diagonal  of  the 
rhombohedron  which  is  the  axis  of  least  elasticity,  whilst  it  is 
that  of  greatest  elasticity  in  quartz."  To  be  convinced  of  the 
accuracy  of  this  assertion,  it  is  sufficient  to  cut,  in  a  rhombo- 
hedron of  carbonate  of  lime,  a  plate  taken  parallel  to  one  of  its 
natural  faces,  and  to  examine  the  arrangement  of  its  two  nodal 
systems,  one  of  which  consists  of  two  lines  crossed  rectangularly, 
which  are  always  placed  on  the  diagonals  of  the  lozenge,  the 
primitive  outline  of  the  plate ;  and  the  other  is  formed  of  two 
hyperbolic  branches,  to  which  the  preceding  lines  serve  as  axes, 
(fig.  27),  but  with  this  peculiarity,  that  it  is  the  small  diagonal 

Flo.  27.  Fia.  28. 
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M'odal  Systems  of  Calc  Spar. 


Ditto  of  Quartz. 


*  Taylor's  Scientific  Memoirs,  vol.  1. 


64 


ON  THE  POLARIZATION  OF  LIGHT. 


which  hecomes  the  first  axis  of  the  hyperbola,  wliilst  it  is  its 
second  axis  in  the  corresponding  plate  of  rock  crystal  (fig.  28). 

The  following  table  shows  the  relation  between  the  elasticities 
and  shapes  of  crystals  : 

TABLE  OF  THE  ELASTICITIES  OF  CRYSTALS. 

Class  I.     "l  Systems. 

Equielastic     V  1.  Cubic. 

, .  crystals  ...  J 

{ Order  i.         r  2.  Rhombohodric...")  .S  <^  2"  f 

Di-unequielastic. .  1.3.  Square  Prismatic   '(^ia'S  «.Minus(negative 

(-4.  Right  Prismatic.  1-3  S     «!     or  repulsive)  or 

Order  2.       J  5.  Oblique  Prismatic  f  I  5.  Plus  (positive 

Tri-unequielastic.'l  6.  Doubly     Oblique  \  S^-^"  \    or  attractive) 

L      Prismatic  J  S  b  p.  L 

Conclusions. — From  the  preceding  remarks  it  will  appear, 

1.  That  singly  refracting  crystals  are  equiaxed,  eqiiiexpand- 
ing,  equielastic,  and,  on  the  ellipsoidal  hypothesis  of  molecules, 
may  be  assumed  to  be  made  up  of  spherical  atoms. 

2.  That  doubly  refracting  crystals  are  unequiaxed,  unequi- 
expanding,  unequielastic,  and,  on  the  ellipsoidal  hypothesis  of 
molecules,  may  be  assumed  to  be  made  up  of  either  spheroidal 
atoms  or  ellipsoids  with  three  unequal  axes. 

3.  That  uniaxial  crystals  are  di-unequiaxed,  di-unequiexpand- 
ing,  di-unequielastic,  and,  on  the  ellipsoidal  hypothesis  of  mole- 
cules, may  be  assumed  to  be  made  up  of  spheroidal  atoms. 

4.  That  biaxial  crystals  are  tri-unequiaxed,  tri-uneqniexpand- 
ing,  tri-unequielastic";  and,  on  the  ellipsoidal  hypothesis  of  mole- 
cules, may  be  assumed  to  be  made  up  of  ellipsoids  having  three 
unequal  axes. 

5.  That  doubly  refracting  crystals,  having  a  negative  or  repul- 
sive axis,  expand  more,  and  have  less  elasticity  in  the  direction 
of  the  axis  than  in  directions  perpendicular  to  this. 

6.  Lastly,  that  doubly  refracting  crystals,  having  a  positive  or 
attractive  axis,  expand  less,  and  have  more  elasticity  in  the  direc- 
tion of  the  axis  than  in  directions  perpendicular  to  this. 


I  shall  now  go  through  the  six  systems  of  crystals,  separately 
pointing  out  the  most  important  of  their  optical  and  other  pro- 
perties. 

SYSTEM  I. 

THE  CUBIC  OR  OCTOHEDRAL  SYSTEM? 

Synonyrnes. — The  regular,  the  tessular,  the  tesseral,  or  the 
isometric  system. 

Forms. — The  forms  of  this  system  are  either  homohedral  or 
whole  forms,  or  hemihedral  or  half  forms. 
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Ilomohedral  Farms. 

1.  Regular  Octoliedron. 

2.  Cube  or  Hexahedron. 

3.  Rhombic  Dodecahedron. 

4.  Icositetrahedron. 

5.  Triakisoctohedron. 
G.  Tetrakishexahedron. 
7.  Ilexakisoctoliedron. 


Ilemlhedral  Forms. 

1.  Tetrahedron  or  Ilemioctohedron. 

2.  Hemicositetrahedron   or  Pyra- 

midal Tetrahedron. 

3.  Hemitriakisoctohedron. 

4.  Hemihexakisoctohedron. 

5.  Hemitetrakishexahedron  or  Pen- 

tagonal Dodecaliedron. 

6.  Hemioctakishexahedron. 


Fig.  29. 


Four  forms  of  the  Cubic  System  ;  viz..  Cube,  Reeular  Tetrahedron,  Rhombic 
Dodecahedron,  and  Regular  Octohedron. 
aa,  b  I),  c  c.  The  three  rectangular  equal  axes. 

Crystals. — Of  the  fifty-five  or  fifty-six  simple  or  elementary 
bodies  which  have  been  hitherto  discovered,  the  crystalline  forms 
of  not  more  than  eighteen  have  been  ascertained.  Of  this 
number,  no  less  than  thirteen  are  referable  to  the  cubic  system, 
namely  bismuth,  copper,  silver,  gold,  platinum,  iridiuyyi  (?),  iron, 
lead,  titanium,  mercury,  sodium,  phosphorus  and  diamond. 
Now  it  appears  d,  priori  probable  that  simple  bodies  would  have 
spherical  atoms,  and,  therefore,  the  fact  that  the  above  named 
substances  crystallize  in  forms  belonging  to  the  cubic  system,  has 
been  adduced  as  an  additional  evidence  of  their  simple  nature. 

A  considerable  number  of  binary  compounds  also  belong  to 
this  system^ —  as  the  chlorides  of  sodium,  potassium,  and  silver; 
sal  ammoniac  ;  the  bromide  and  iodide  of  potassium  ;  fluor-spar, 
and  the  sulphurets  of  zinc  (blende),  lead  (galena),  silver,  and 
iron  (pyrites). 

Some  substances,  which  contain  more  tlian  two  elements,  also 
belong  to  this  system,  as  alum  and  garnet. 

Now,  if  the  cubical  form  be  an  argument  for  the  simple  nature 
of  the  metals,  why,  it  may  be  asked,  do  so  many  compound  bodies 
present  the  same  form  ?  To  this  we  can  offer  no  satisfactory  reply  ; 
and  I  think,  therefore, we  may  conclude  with  Dr.WolIaston,  "  that 
any  attempts  to  trace  a  general  correspondence  between  the 
crystallographical  and  supposed  chemical  elements  of  nature, 
must,  in  the  present  state  of  the  sciences,  be  premature." 
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Properties.— The  crystals  of  this  system  have  the  following 
properties  :  they  are  equiaxed  singly  refracting,  equiexpanding 
and  eqiiielastic.    We  assume  their  molecules  to  be  spherical. 

When  examined  in  the  polariscope  they  present  no  traces  of 
colour. 

Exceptions.— A  few  exceptions  exist  to  some  of  the  preceding 
statements  ;  but  they  are  probably  more  apparent  than  real. 

1.  Several  crystals  of  this  system,  as  the  diamond,  fluor-spar, 
alum,  and  common  salt,  sometimes  exhibit  traces  of  a  doubly 
refracting  structure.  But  this  is  ascribable  to  irregularities  of  crys- 
tallization, or  to  the  operation  of  compressing  or  dilating  forces. 

2.  Boraciie  (a  compound  of  boracic  acid  and  magnesia)  crys- 
tallizes in  the  general  form  of  the  cube ;  the  edges  of  which  are 
replaced,  and  the  diagonally  opposed  solid  angles  dissimilarly 
modified.  Instead,  however,  of  being  merely  a  single  refractor, 
as  its  shape  would  lead  us  to  expect,  Dr.  Brewster  found  that  it 
was  a  double  refractor,  with  one  positive  axis  of  double  refraction 
in  the  direction  of  a  line  joining  two  opposite  solid  angles  of  the 
cube.  So  that,  in  point  of  fact,  it  possesses  the  properties  of  a 
rhombohedric  crystal.  We  may,  therefore,  regard  it  as  a  rhombo- 
hedron,  whose  angles  differ  from  a  right  angle  by  an  infinitely 
small  quantity. 

3.  Analclme  or  cicbizite  (hydrated  silicate  of  alumina  and  soda) 
constitutes  another  remarkable  exception  to  the  general  rule,  that 
crystals  of  the  cubic  system  are  devoid  of  a  doubly  refracting  struc- 
ture. The  m.ost  usual  form  of  this  crystal  is  the  icositetrahedron. 
Now  if  we  suppose,  says  Dr.  Brewster,  its  contained  cube  "  to  be 
dissected  by  planes  passing  through  all  the  twelve  diagonals  of  its 
six  faces,  each  of  these  planes  will  be  found  to  be  a  plane  of  no 
double  refraction  or  polarization."  All  intermediate  portions  doubly 
refract.  From  every  other  known  doubly  refracting  crystal, 
analcime  differs  in  the  circumstance,  that  ^11  its  particles  do  not 
equally  possess  the  property  of  double  refraction,  those  in  the 
planes  above  mentioned  being  devoid  of  this  power,  and  the 
others  possessing  it  in  proportion  to  the  squares  of  their  distances 
from  these  planes.  It  differs  from  unannealed  glass  in  the  fact 
that  a  change  in  its  external  form  does  not  give  rise  to  a  change 
in  its  polarizing  power;  but  each  fragment  possesses  the  same 
optical  property,  when  it  is  detached  from  the  mass,  that  it  had 
when  naturally  connected  with  its  adjacent  parts.  Analcime, 
therefore,  is  a  complete  optical  anomaly. 

It  has  been  suggested,  that  these  curious  optical  properties 
may  depend  on  the  presence  of  both  a  doubly  and  a  singly  re- 
fracting mineral ;  and  the  fact,  that  the  large  opake  crystals  of 
analcime,  found  in  the  valley  of  Fassa  in  the  Tyrol,  are  traversed 
by  plates  of  apophyllite  (a  doubly  refracting  crystal),  lends  sup- 
ort  to  this  hypothesis. 
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SYSTEM  II. 

THE  SQUARE  PRISMATIC  SYSTEM. 

Synonymes.—The  four-membered  or  two-  and  one-axed,  the 
pyramidal,  the  tetragonal,  or  the  monodimetric  system. 

Forms.— The  forms  of  this  system  are  either  homo kedral  or 
whole  forms,  or  hemihedral  or  half  forms. 

Homohedral  Forms.  Hemihedral  Forms. 

1.  Octohedron  with  square  base.         1.  Hemioctoliedron  or  Tetrahedron- 

2.  lerminal  Face   or   Horizontal     2.  Hemi-dioctohedron. 

Plane. 

3.  Square  Prism  (of  two  positions). 

4.  Dioctohedron  or  Eight-sided  Py- 

ramid. 

5.  Eight-sided  prism. 

Fig. 30. 


Four  forms  of  the  Square  Prismatic  System  ;  viz..  Two  Square  Piisma  i?i  different 
positions.  Mid  Tivo  Octohedra  with  square  bases, 
a  a.    Principal  axis.   bb,cc.   Secondary  axes. 

Crystals. — Among  the  crystals  *  of  this  system  are  chloride  of 
mercury  (calomel),  bicyanide  of  mercury,  ferrocyanide  of 
potassium  (yellow  prussiate  of  potash),  peroxide  of  tin,  copper 
pyrites,  zircon,  and  apophyllite. 

Properties. — The  crystals  of  this  system  have  the  following 
properties:  They  are  di-unequiaxed,  doubly  refracting  with  one 
optic  axis,  di-unequiexpanding-,  and  di-unequielastic.  We  assume 
their  molecules  to  be  either  prolate  or  oblate  spheroids. 

The  two  equal  rectangular  geometric  axes  of  this  system  are 
called  secondary  axes  ;  while  the  third  or  odd  one,  which  may  be 
greater  or  less  than  the  others,  is  the  principal  or  prismatic  axis, 
or  the  crystallographical  axis,  or  the  axis  of  symmetry.  The' 
optical  characters  of  this  system  are  the  following:  The  crystals 
are  doubly  refracting,  with  one  optic  axis  which  coincides  with 
the  principal  axis. 

If  a  thin  slice  of  a  crystal  of  this  system,  cut  perpendicularly 

*  Sowerby  (^wn,  P/h7.  xvi.  223.)  mentions  crystals  oi  Palladium  in  the 
torm  of  octohedra  with  a  square  base  and  of  symmetrical  prisms. 
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to  the  principal  axis,  be  placed  in  the  polariscope,  it  presents  a 
system  of  circular  rings,  with  a  cross,  which  is  either  black  or 
white,  according  to  the  relative  positions  of  the  polarizer  and 
analyzer. 

Ferrocyanide  of  potassium  (commonly  called  prussiate  of 
potash)  may  be  conveniently  used  -to  show  these  effects.  As 
found  in  commerce  it  usually  occurs  in  the  form  of  truncated 
octohedrons  having  a  square  base.  It  should  be  split  with  a 
lancet  in  the  direction  of  its  laminae,  that  is,  perpendicularly  to 
its  principal  axis.  Plates,  of  about  a  quarter  of  an  inch  or  more 
in  thickness,  serve  for  the  polariscope.  They  present  a  cross, 
and  a  negative  system  of  circular  rings  ;  but  the  yellow  colour 
of  the  crystal  affects  the  brilliancy  of  the  tints. 

Zircon  (a  compound  of  silica  and  zirconia)  is  valuable  for  op- 
tical purposes,  on  account  of  its  being  a  positive  uniaxial  crystal. 
Hence  if  a  plate  of  it,  which  gives  a  system  of  rings  of  the  very 
same  size  as  that  produced  by  a  plate  of  Iceland  spar  {^negative 
uniaxial  crystal)  be  superposed  over  the  latter  plate,  the  one 
system  of  rings  is  completely  obliterated  by  the  other ;  and  the 
combined  system  exhibits  neither  double  refraction  nor  polari- 
zation. 

1  shall  defer  all  explanation  respecting  the  rings  and  cross  of 
this  system,  until  I  speak  of  Iceland  spar  (a  crystal  of  the 
rhombohedric  system). 

Exceptions.— Some  exceptions  to  the  above  mentioned  pro- 
perties of  the  crystals  of  this  system  exist,  and  require  to  be 
noticed. 

1.  Ferrocyanide  of  potassium  is  subject  to  irregularities  of 
crystallization  ;  and  certain  specimens  present  a  double  system 
of  rings,  or,  in  other  words,  are  biaxial.  Certain  uniaxial 
specimens  give  a  positive  system  of  rings. 

2.  Apophyllite  or  Fisheyc-stone  (a  compound  of  silica,  lime, 
potash,  and  water)  possesses  some  remarkable  properties.  In  the 
most  common  variety,  that  from  Cipit  in  the  Tyrol,  the  diameters 
of  the  rings  are  nearly  alike  for  all  colours  —  those  of  the  green 
rings  being  a  little  less.  Some  specimens  of  apophyllite,  called 
by  Dr.  Brewster  tesselated  apophyllite,  present,  in  the  polari- 
scope, a  tesselated  or  composite  structure,  instead  of  the  ordinary 
cross  and  circular  rings.  They  will  be  described  hereafter  among 
ihe  tesselated  or  intersected  crystals. 

SYSTEM  III. 

THE  RHOMBOHEDRIC  SYSTEM. 

Synonymes. — The  three-  and  one-axed,  the  klinohedric,  the 
hexagonal,  or  the  trimetric  system. 

Forms, — ^The  forms  of  this  system  are  either  homohedral  or 
hemihedrdl. 
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Homohedral  Forms. 

1 .  Double  Six-sided  Pyramid  (Hcxa- 

gondodecahedron). 

2.  Eight  Terminal  Face  (Horizontal 

Plane), 

3.  Hexagonal  Prism, 

4.  Double  Twelve-sided  Pyramid 

(  Didodecaliedron  ) , 

5.  Twelye-sided  Prism. 


Ilemihedral  Forms. 

1.  Rliomboliedrou  (  Hemidodecalie- 

dron). 

2,  Scalenohcdron. 


Fig,  31. 


Three  forms  of  the  Rhomhohedric  Si/stem  ;  vis.,  the  Hexagonal  Prism,  the  Scalene 
Dodecahedron  and  the  Rhomhohedron. 
a  a.   The  principal  axis.   bb,cc,  d  d.   The  secondary  axes. 

Crystals, — To  this  system  belong  some  bodies  supposed  to  be 
simple  or  elementary;  viz.,  antimony,  arsenicum,  and  tellurium.* 

Plumbago  or  graphite  and  the  native  alloy  of  iridium  and 
osmium  also  belong  to  this  system. 

Ice,  magnetic  iron  pyrites,  cinnabar ,  chloride  of  calcium,  Ice- 
land spar,  carbonates  of  iron  and  zinc,  dolomite  (magnesian  car- 
bonate of  lime),  nitrate  of  soda,  hydrate  of  magnesia,  tourtnaline, 
talc,  beryl,  chabasite,  quartz,  and  one-axed  mica  belong  to  this 
system.  And  here  it  may  be  necessary  to  remark,  that  the  sub- 
stance known  to  mineralogists  by  the  name  of  mica,  and  which, 
in  trade,  is  usually  but  improperly  termed  talc-\,  varies  in  its 
crystalline  forms  and  optical  properties.  One  kind  crystallizes 
in  regular  hexagonal  prisms,  which  cleave  with  extreme  facility 
in  one  direction,  viz.,  perpendicularly  to  their  axis.  This  has 
only  one  axis  of  [no]  double  refraction,  and  consequently 
when  a  lamina  of  it  is  placed  in  the  polariscope  it  presents  only 
one  system  of  circular  rings  traversed  by  a  cross.  This  is  the 
kind  called  rhombohedral  or  uniaxial  mica,  the  majority  of  spe- 
cimens of  which  have  a  negative  or  repulsive  axis,  though  some 
have  a  positive  or  attractive  one.  But  there  is  another  kind  of 
mica,  of  more  frequent  occurrence  in  the  shops,  and  which  is 
called  by  mineralogists  prismatic  or  diaxial  mica.    It  has  two 

*  Rose  inserts  "  Palladium  (?)  "  among  rhombohedric  crystals. 

t  Talc  is  readily  distinguished  from  mica  by  its  greasy  or  unctuous  feel. 
The  most  familiar  kind  of  talc  is  that  sold  in  the  shops  under  the  name  of 
French  chalk.   It  is  talc  in  an  indurated  earthy  form. 
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axes  of  double  refraction,  and  consequently  when  a  plate  of  it  is 
placed  in  the  polariscope,  two  systems  of  coloured  rings  are  per- 
ceived. This  kind  of  mica  exists  in  two  forms;  one  is  crystallized 
in  right  prisms,  the  other  in  oblique  prisms.  Hence  I  shall  dis- 
tinguish the  one  as  right  prismatic  mica,  the  other  as  oblique 
prismatic  mica.  They  will  be  described  hereafter.  In  conclusion, 
then,  the  kinds  of  mica  may  be  thus  arranged : 

fRhombohedric  or  Uniaxial  i  ™^  ^  ^^^.^^^^  ^i^' 
j^-  I  \  With  a  positive  axis. 

I  Prismatio  or  Diaxial  /  ^^^^^^  Prismatic. 

L  Prismatic  or  Diaxial   j  ObHq.ue  Prismatic, 

The  principal  constituents  of  mica  are  silica  and  alumina.  But 
it  also  contains  potash  and  sesquioxide  of  iron. 

Properties. — ^The  forms  of  this  system  possess  four  axesf ; 
viz.,  three  equal  ones,  called  the  secondary  axes,  placed  in  one 
plane,  and  crossing  in  the  centre  at  an  angle  of  60°;  and  a 
fourth,  termed  the  principal  axis,  or  the  axis  of  symmetry ,  or 
the  crystallographical  axis,  perpendicular  to  the  others,  from 
which  it  differs  in  length.  They  are  double  refractors,  with 
one  optic  axis  coincident  with  the  principal  axis.  They  are 
di-unequiexpanding  bodies,  the  expansion  being  different  (greater 
or  less)  in  the  principal  axis  from  that  in  the  secondary  ones. 
They  are  di-unequielastic ;  the  elasticity  in  the  principal  axis 
being  either  more  or  less  than  that  in  the  secondary  axes.  With 
regard  to  the  atoms,  we  may  assume  their  shape  to  be  spheroids. 

Iceland  spar  (Ca  O.  CO2)  may  be  conveniently  used  to  illustrate 
the  optical  properties  of  the  crystals  of  this  system.  It  occurs  in 
rhomboidal  masses,  which  by  cleavage  yield  obtuse  rhombohedra. 
The  line  which  joins  the  two  obtuse  summits  of  one  of  these 
rhombohedra,  is  called  the  shortest  or  principal  axis,  the  crys- 
tallographical axis,  the  axis  of  the  rhomboid,  or  simply  the  axis. 
A  plane  drawn  through  this  axis,  perpendicularly  to  a  face  of 
the  crystal,  is  called  the  principal  section.  This  section  belongs 
rather  to  a  face  than  to  the  entire  crystal,  for  each  face  has  its 
own.  Now  when  the  incident  rays  are  perpendicular  to  the  face 
of  the  crystal,  both  the  ordinary  and  extraordinary  rays  are 
always  found  in  the  same  plane,  so  that  the  deviation  of  the 
extraordinary  pencil  takes  place  in  the  plane  of  the  principal 
section.  Every  plane  in  the  interior  of  the  crystal,  which  is 
perpendicular  to  the  axis,  is  called  a  section  perpendicular  to  the 
axis,  or  the  equator  of  double  refraction.    In  this  plane  the 

t  The  description  adopted  in  the  lectures  is  that  of  Weiss  and  Rose;  some 
other  writers  admit  only  tliree  axes.  Thus,  Turner  {Elements  of  Chemistry 
7tli  ed,,  p,  588)  describes  three  equal  but  not  rectangular  axes;  while  GrilQn 
{System  of  Crystallography,  pp,  151  and  258)  admits  three  rectangular  but 
unequal  axes.  Neither  of  these  modes  of  descriptions  appear  to  me  so  com- 
pletely to  connect  the  form  with  the  optical  and  other  properties  of  the 
crystals,  as  Weiss  and  Rose's  method. 
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doubly  refracting  force  is  at  a  maximum,  and  when  a  ray  is 
incident  in  this  plane,  the  resulting  extraordinary  and  ordinary 
rays  are  both  in  the  same  plane. 

If  a  plate  of  Iceland  spar,  cut  perpendicularly  to  the  principal 
or  shortest  axis,  be  placed  in  the  polariscope,  the  polarizing  and 
analyzing-  plates  being  crossed,  we  observe  coloured  curves  or 
concentric  rings  intersected  by  a  rectangular  black  cross,  the  arms 
of  which  meet  at  the  centre  of  the  rings  (fig.  32). 

Fig.  32.  Fig.  33.  Fio.  34. 


h 


The  coloured  curves  or  rings  are  called  the  lines  of  equal  tint, 
or  isochromatic  lines  (from  icros  equal  and  ;^po)jaariK6s  coloured). 
In  this  and  other  uniaxial  crystals,  they  are  disposed  in  concentric 
circles,  and  are  similar  to  Newton's  rings  seen  by  reflection. 

If  we  revolve  the  plate  of  Iceland  spar  on  its  axis,  the  rings 
and  cross  preserve  the  same  position  ;  but  if  either  the  polarizing 
or  analyzing  plate  be  rotated,  some  remarkable  changes  occur. 

Suppose  the  analyzing  plate  to  be  turned  45^  round  the 
incident  ray  in  a  left-handed  direction,  we  observe  that  the 
original  or  primary  coloured  rings  grow  fainter  or  more  dilute,  and 
the  cross  seems  to  shift  its  position  to  the  left,  while  its  blackness 
lessens  and  is  replaced  by  another  set  of  rings,  which  alternate 
with,  and  are  complementary  to,  the  original  curves  (fig.  33). 

If  the  analyzing  plate  be  rotated  45°  further  in  the  same 
direction,  that  is  90°  to  the  first  or  original  position,  the  black 
cross  is  replaced  by  a  white  one,  and  the  original  set  of  coloured 
rings  is  succeeded  by  a  second  or  complementary  set,  the  rings 
of  which  are  intermediate  to  the  original  ones,  and  are  similar  to 
Newton's  rings  seen  by  transmission  (fig.  34). 

If  the  system  of  rings  with  a  black  cross  (fig.  32)  were  super- 
posed in  the  system  with  the  white  cross  (fig.  34)  white  light  would 
be  reproduced. 

If  the  incident  polarized  light  be  white,  the  rings  consist  of  com- 
pound tints  produced  by  the  superposition  on  each  other  of  rings 
formed  by  each  of  the  homogeneous  rays  composing  white  light. 
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Of  course,  if  the  rings  of  all  the  colours  were  of  the  same  size,  the 
resulting  system  would  consist  of  black  and  white  rings ;  but  being 
of  different  dimensions,  we  obtain  a  system  of  different  colours. 
In  this  case,  the  cross  is  either  black  or  white,  not  coloured. 

If  the  incident  polarized  light  be  homogeneous  the  rings  consist 
of  rings  of  the  colour  of  the  light  employed  separated  by  black 
rings.  Thus,  suppose  red  light  to  be  used,  the  rings  will  be  alter- 
nately red  and  black;  whereas  if  blue  light  be  employed,  they 
will  he  alternately  blue  and  black.  Their  size  varies  with  the 
colour  of  the  light :  red  produces  the  largest,  violet  the  smallest 
system  of  rings.  In  all  cases  in  which  homogeneous  light  is 
employed  the  cross  is  either  a  black  or  a  coloured  one. 

The  radii  of  the  bright  rings  are  as  the  square  roots  of  the  odd 
numbers,  1,  3,  5,  7,  &c.;  while  those  of  the  dark  rings  are  as 
the  square  roots  of  the  even  numbers,  2,  4,  6,  8,  &c.  In  other 
words,  the  squares  of  the  diameters  of  the  bright  rings  are  as  the 
odd  numbers,  1,  3,  5,  7,  &c. ;  while  the  squares  of  the  diameters 
of  the  dark  rings  are  as  the  even  numbers,  2,  4,  6,  8,  &c. 

Sijuares  of  the  dia-  (  Bright  rings 
meters  of  the  ...  i  Dark  rings 


1 

3 

_ 

5 

7 

2 

4 

6 

:  8 

The  actual  diameter  and  breadth  of  the  rings  are  increased 
by  diminishing  the  thickness  of  the  crystalline  plate.  To  speak 
more  precisely,  the  radii  of  the  rings  are  inversely  as  the  square 
root  of  the  thickness  of  the  plate;  and,  therefore,  the  rings  are 
smaller  with  a  thick  plate  than  with  a  thin  one.  Thus  while  a 
plate  of  a  given  thickness  will  produce  a  system  of  rings,  the 
whole  of  which  can  be  seen  at  once,  a  plate  considerably  thinner 
will  give  rings  of  so  much  larger  diameter  and  greater  breadth, 
that  the  whole  system  cannot  be  taken  in  at  once  by  the  eye. 
It  is  obvious,  therefore,  that  the  comparative  doubly  refracting 
power  of  two  uniaxial  crystals  may  be  ascertained  by  observing 
the  size  of  the  rings  produced  by  plates  of  equal  thickness  :  with 
a  powerful  doubly  refracting  crystal  the  rings  are  less  than  with 
a  crystal  possessing  this  property  in  a  weaker  degree.  In  fact, 
the  radii  of  the  rings  are  inversely  as  the  doubly  refracting  power 
of  the  crystal. 

Let  us  now  endeavour  to  explain  generally  the  origin  of  the 
coloured  rings  and  of  the  cross,  according  to  the  undulatory 
hypothesis ;  and,  for  precision  and  brevity  of  description,  I  shall 
suppose  that  tourmaline  plates  are  used  in  the  polariscope  both 
for  polarizing  and  analyzing. 

The  first  tourmaline  plate  polarizes  the  light  which  is  then 
incident  on  the  Iceland  spar.  In  their  progress  through  the 
latter,  some  of  the  polarized  rays  suffer  double  refraction,  others 
are  transmitted  without  undergoing  this  change.    For  there  are 
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Fig.  35. 


two  rectangular  planes  of  polarization  of  the  luminous  rays  in 
Iceland  spar,  one  of  the  plane  of  polarization  of  the  ordinary 
rays,  the  other  of  the  extraordinary  rays ;  and  in  those  parts  of 
the  crystal  in  which  the  plane  of  polarization  of  the  incident 
light  coincides  with  either  of  the  planes  of  polarization  of  the 
rays  in  the  crystal,  no  double  refraction  occurs.  On  the  other 
hand,  in  those  parts  of  the  crystal  in  which  neither  of  its  planes 
of  polarization  coincide  with  the  plane  of  the  incident  polarized 
light,  double  refraction  ensues. 

All  the  ordinary  rays  which  emerge 
from  thecrystal,  are  polarized  in  planes 
which  pass  through  the  principal  axis 
of  thecrystal:  while  the  extraordinary 
rays  will  be  polarized  in  planes  per- 
pendicular to  these.    Let  fig.  35  re- 

  present  the  crystalline  plate  cut  per- 

MMgg'j;sSgJjBl^  pendicularly  to  the  axis  e.  The 
=^'^^'^^^-'^-'^==^~  radiating  white  lines  represent  the 
planes  of  polarization  for  the  ordinary 
rays,  and  the  circular  white  Tmes  the 
planes  of  polarization  for  the  extraor- 
dinary rays. 

The  two  sets  of  rays  (that  is,  the 
ordinary  and  the  extraordinary)  form  two  cones  of  refracted 
rays,  having  a  common  axis  coincident  with  the  axis  of  the  crystal. 
The  summit,  or  apex  of  each  cone,  will  be  at  the  eye  of  the 
observer ;  and  the  diameter  of  the  base  of  the  cone  will  of  course 
vary  according  to  its  distance  from  the  eye.  The  difierent  rays, 
of  which  each  cone  is  made  up,  undergo  different  changes.  Those 
which  form  the  axis  of  the  cone,  traverse  the  plate  at  a  perpen- 
dicular incidence,  and,  therefore,  are  not  refracted  ;  while  those 
which  pass  through  the  plate  obliquely,undergo  double  refraction. 

The  ordinary  or  the  extraordinary  rays  forming  the  same  cone 
have  not  all  an  equal  intensity  at  different  parts  of  its  circum- 
ference. For  if  the  plane  of  polarization  of  the  incident  light 
be  identical  with  or  parallel  to  a  b,  fig.  35,  it  is  evident,  that  while 
the  intensity  of  the  ordinary  rays  will  be  at  a  maximum  in  the 
plane  a  b,  and  at  a  viinimum  or  nil  in  a  direction  perpendicular 
to  this  c  d,  the  intensity  of  the  extraordinary  rays  will  be  at  a 
maximum  in  the  plane  c  d,  and  at  a  minimum  or  vil  in  a  direction 
perpendicular  to  this,  a  b. 

Hence  those  rays  which  are  incident  on  the  crystal  in  the  plane 
a  b,  traverse  the  plate  without  having  their  plane  of  polarization 
charged,  emerge  as  ordinary  rays,  and,  by  the  subsequent  action 
of  the  analyzing  plate,  form  two  arms  of  the  rectangular  cross,  a  b 
(fig.  36).  Those  rays  which  are  incident  on  the  crystal  at  any  point 
of  the  line  c  d  also  traverse  the  crystal  without  having  their  plane  of 
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Fig.  36.  polarization  changed,  but  they  emerge  as  ex- 

a  traordinary  rays,  and ,  by  the  subsequent  ac- 

tion  of  the  analyzer,  form  the  remaining  two 
S  arms  of  the  rectangular  cross  c  d  (fig.  36). 

c  Extraordinary  rays,  a  The  two  sets  of  polarized  incident  rays  which 
1  thus  traverse  the  crystal,without  having  their 

^  plane  of  polarization  changed,  and  emerge, 

O  the  one  as  the  ordinary,  the  other  as  the 

^  extraordinary  rays,  form  either  a  black  or  a 

white  cross,  according  as  they  are  either  suppressed  or  trans- 
mitted by  the  second  or  analyzing  tourmaline.  If  the  two 
tourmalines  be  crossed  the  rays  are  suppressed — if  they  coincide 
the  rays  are  transmitted.  In  the  first  case  we  perceive  a  black 
cross,  in  the  second  a  white  one. 

Fig- 37.  Tilus,  tlien,  all  the  rays  which  emerge 

from  the  second  surface  of  the  crystal,  at 
any  point  of  the  two  lines  ab,  cd  (fig.  37), 
will  not  be  divided  into  two,  nor  have 

c   their  planes  of  polarization  altered.  But 

all  the  polarized  rays  which  are  incident 
on  the  crystal  in  any  direction  intermediate 
between  the  positions  a  h  and  c  d  suffer 
*  double  refraction,  since  their  planes  of  pola- 

rization coincides  neither  with  the  plane  of  polarization  of  the 
ordinary,  nor  with  that  of  the  extraordinary  rays ;  that  is,  the 
vibrations  of  the  incident  rays  are  resolved  into  two  sets,  one 
which  forms  the  ordinary  rays,  and  the  other  perpendicular  to  it, 
which  forms  the  extraordinary  rays.  The  two  systems  of  waves, 
produced  by  these  two  sets  of  vibrations,  proceed  through  the 
crystal  with  unequal  velocities  and  describe  different  paths; 
consequently  they  emerge  in  different  phases,  that  is,  in  a  condition 
for  suffering  interference  by  the  action  of  the  analyzer.  In  my 
last  lecture,  however,  I  so  fully  explained  the  agency  of  the 
analyzer  in  giving  rise  to  the  phenomena  of  colour,  that  I  need 
not  now  enter  further  into  it.  I  shall,  therefore,  only  add,  that 
the  coloured  rings  owe  their  origin  to  interference. 

A  circumstance  which  affects  the  formation  of  the  rings,  is  the 
inclination  of  the  polarized  rays  to  the  optic  axis  of  the  crystal. 
In  the  axis  itself,  where  the  arms  of  the  cross  pass  athwart  each 
Other,  no  colour  is  produced,  consequently  there  can  be,  in  this 
position,  no  double  refraction.  But  those  rays  which  suffer 
double  refraction  and  produce  colour,  traverse  the  crystal 
obliquely,  and  at  an  inclination  to  the  optic  axis,  and  the  obliquity 
or  inclination  augments  in  proportion  as  we  recede  from  the 
centre  or  axis.  Now  the  effect  of  an  increase  in  the  inclination 
of  the  rays  to  the  optic  axis  is  equivalent  to  an  increase  of 
thickness  in  the  crystal.    Hence  it  is  obvious  why  we  have  rings, 


DOUBLY  KEFBACTIVE  PROPERTIES  OF  CRYSTALS.  75 


and  not  an  uniform  tint,  as  in  the  case  of  the  thin  films  of  sele- 
nite  described  in  our  last  lecture.  Moreover,  it  is  obvious  that  at 
equal  distances  around  the  axis  the  inclinations  will  be  the  same, 
and  consequently  the  similar  tints  will  be  found  at  equal  distances 
from  the  axis  ;  in  other  words,  the  lines  of  equal  tint  or  isochro- 
matic  lines  will  be  disposed  in  concentric  circles. 

That  the  tints  of  the  system  of  rings  accompanying-  the  black 
cross  should  be  complementary  to  those  which  accompany  the 
white  cross,  will  be  readily  understood  from  what  was  stated  in 
the  last  lecture  respecting  the  office  of  the  analyzing  plate. 

The  rings  of  the  two  systems  do  not  occupy  the  same  position, 
but  are  transposed ;  that  is,  the  bright  rings  of  the  one  system 
occupy  the  position  of  the  dark  rings  of  the  other  system.  The 
cause  of  this  is  obvious — the  rings  of  the  two  systems  are  produced 
by  different  rays.  The  two  sets,  of  rays  which  successively  pass 
through  the  tourmaline  analyzing  plate  in  its  two  positions, 
would,  if  this  plate  were  not  interposed,  pass  simultaneously 
and  produce  an  uniform  tint  of  the  same  colour  as  that  of  the 
incident  light.  In  other  words,  without  the  analyzer  neither  cross 
nor  rings  would  be  perceived. 

But  why,  it  may  be  asked,  is  the  maximum  brilliancy  of  the 
rings  at  the  middle  of  the  four  quadrants;  that  is,  in  lines  or 
directions  which  are  equidistant  from  the  two  nearest  arms  of  the 
cross  ?  Because  it  may  be  replied,  it  is  at  these  spots  that  the 
ordinary  and  extraordinary  rays  (produced  by  double  refraction) 
are  equal.  On  either  side  of  these  directions,  the  ordinary  ray 
has  either  a  greater  or  less  intensity  than  the  extraordinary  one. 

Iceland  spar  has,  as  I  have  already  stated,  a  negative  or 
repulsive  axis  ;  and  I  shall  take  this  opportunity  of  explaining 
the  method  used  by  Dr.  Brewster  for  distinguishing  whether  the 
axis  of  a  crystal  be  positive  or  negative.  Take  a  film  of  selenite 
(sulphate  of  lime),  and  mark  on  it  the  neutral  axes  ;  then,  by  a 
little  wax,  attach  it  to  a  plate  of  Iceland  spar  (cut  so  as  to  show 
the  rings),  and  place  them  in  the  polariscope.  If  the  film  by  itself 
produces  the  red  of  the  second  order,  it  will  now,  when  combined 
with  the  Iceland  spar,  obliterate  part  of  the  red  ring  of  the  second 
order  in  two  alternate  and  opposite  quadrants  (either  a  c  and  h  d, 
ox  ad  and  b  c,  figs.  32  and  34).  The  line  of  the  film  which  crosses 
these  two  quadrants  at  right  angles  to  the  rings  is  the  principal 
axis  of  selenite,  and  should  be  marked  as  such.  Then  if  we  wish  to 
examine  whether  any  other  system  of  rings  is  positive  or  negative, 
we  have  only  to  cross  the  rings  with  the  principal  axis  *'  by  in- 
terposing the  film:  and  if  it  obliterates  the  red  ring  of  the  second 
order  in  the  quadrant  which  it  crosses,  the  system  will  be  nega- 
tive; but  if  it  obliterates  the  same  ring  in  the  other  two  quadrants 
which  it  does  not  cross,  then  the  system  will  be  positive.  It  is  of 
no  consequence  what  colour  the  film  polarizes,  as  it  wiH  always 
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obliterate  the  tint  of  the  same  nature  in  the  system  of  rings  under 
examination." 

Plates  of  tourmaline,  obtained  by  cutting  the  crystals  at  right 
angles  to  the  principal  or  prismatic  axis,  as  described  in  my  first 
lecture  (fig.  6,  p.  18),  present  circular  rings  and  a  cross  when 
examined  by  the  polariscope. 

Ice  belongs  to  the  rhombohedric  system.  The  beautiful  and 
regular,  though  varied,  crystalline  forms  of  snow  may  be  regarded 
as  skeleton  crystals  of  this  system.  1  have  here  depicted  (see 
fig.  38)  a  few  forms  taken  from  Captain  Scoresby's  work  on  the 
Arctic  Regions  ;  and  in  them  you  may  readily  trace  the  three 
secondary  axes  {b  b,  cc,  d  d),  placed  in  the  same  plane,  and  in- 
clined to  each  other  at  an  angle  of  60°,  while  the  fourth  or  prin- 
cipal axis  (a  a)  is  perpendicular  to  the  other  three. 

Fio,  38. 


Crystals  of  Snow. 


Now,  if  you  take  a  sheet  of  clear  ice,  about  an  inch  thick,  and 
which  has  been  slowly  formed  in  still  weather,  and  examine  it  by 
the  polariscope,  you  will  readily  detect  the  circular  rings  and 
cross.  The  system  of  rings  formed  by  ice  is  positive  or  attractive  ; 
and,  therefore,  is  of  an  opposite  kind  to  that  of  Iceland  spar. 

Exceptions. — To  the  general  properties  of  crystals  of  the 
rhombohedric  system  some  exceptions  exist. 

1 .  In  Iceland  spar,  beryl,  and  other  crystals  of  this  system,  the 
rings  are  not  unfrequently  distorted,  owing  to  irregularities  of 
crystalline  structure. 

2.  Quartz  belongs  to  this  system,  but  its  optical  phenomena  are 
very  different  to  those  of  any  other  crystal,  and  will  be  described 
in  my  next  Lecture,  under  the  head  of  circular  polarization. 

3.  Amethyst  is  another  exception,  which  1  shall  hereafter 
describe. 

4.  Chabasite  (a  mineral  compound  of  silica,  alumina,  lime 
water,  and  potash)  is  a  rhombohcdral  crystal,  sometimes  endowed 
with  remarkable  optical  properties.  *'  In  certain  specimens  of 
this  mineral,"  says  Dr.  Brewster,  "  the  molecules  compose  a 
regular  central  crystal,  developing  the  phenomena  of  regular 
double  refraction  ;  but  in  consequence  of  some  change  in  the 
state  of  the  solution,  the  molecules  not  only  begin  to  form  a 
hemitrope  crystal  on  all  the  sides  of  the  central  nucleus,  but 
each  successive  stratum  has  an  inferior  doubly  refracting  force 
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till  it  wholly  disappears.  Beyond  this  limit  it  appears  with  an 
opposite  character,  and  gradually  increases  till  the  crystal  is 
complete.  In  this  case  the  relative  intensities  of  the  axes  or 
poles  from  which  the  forces  of  agrgregation  emanate,  have  been 
gradually  changed,  probably  by  the  introduction  of  some  minute 
matter,  which  chemical  analysis  may  be  unable  to  detect.  If 
we  suppose  these  axes  to  be  three,  and  the  foreign  particles  to 
be  introduced,  so  as  to  weaken  the  force  of  aggregation  of  the 
greater  axis,  then  the  doubly  refracting  force  will  gradually 
diminish  with  the  intensity  of  this  axis,  till  it  disappears,  when 
the  three  axes  are  reduced  to  equality.  By  continuing  to  dimi- 
nish the  force  of  the  third  axis,  the  doubly  refracting  force  will 
reappear  with  an  opposite  character,  exactly  as  it  does  in  the 
chabasite  under  consideration." 


SYSTEM  IV. 


RIGHT  PRISMATIC  SYSTEM. 

Synonymes.  —  The  right  rhombic  prismatic,  or  right  rec- 
tangular prismatic  system,  the  prismatic  system,  the  two-  and 
two-membered  or  one-  and  one-axed  system,  the  orthotype  system, 
the  rhombic  or  the  holohedric-rhombic  system. 

Forms. — In  this  system  are  included  the  right  rhombic  prism, 
the  right  rhombic  octohedron,  the  right  rectangular  prism,  and 
the  right  rectangular  octohedron.  Rose  enumerates  the  following 
forms  as  belonging  to  this  system  : 


Homohedral. 
Forms  whose  faces  are  inclined  to 

all  thi'ee  axes  (Octohedra). 
Forms  whose  faces  are  iucUiied  to 

two  axes,  but  are  parallel  to 

the  third  (Prisms), 
Forms  whose  faces  are  inclined 

to  one  axis  but  are  parallel  to 

the  two  others  (Single  Planes ). 

Fio.  39. 


Hemihedral, 
Rhombic  Tetrahedron. 


Right  Rectangular  Prism.  \  Right  Rectangular  Octohedron, 

Rill  lit  Rhombic  Prism.  j  Right  Rhombic  Octohedron. 

u.  Principal  or  prismatic  axis,  b  b,cc.  Secondary  axes. 
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Crystals. — The  simple  or  elementary  bodies  which  crystallize 
in  forms  belonging  to  this  system  are  only  three,  namely,  iodine^ 
native  sulphur,  and  selenium. 

Among  the  binary  compounds  we  have  pyrolusite  (binoxide  of 
manganese),  white  antimony  (sesquioxldeo^  antimony),  bichloride 
of  mercury,  chloride  of  barium,  orpiment,  and  grey  antimony 
(sesquisulphuret  of  antimony). 

A  considerable  number  of  salts  belong  to  this  system,  as  the 
carbonates  of  lead,  baryta,  strontian,  potash,  and  ammonia ; 
the  bicarbonate  of  ammonia,  and  that  variety  of  carbonate  of 
lime  called  arragonite  ;  the  nitrates  of  potash,  ammonia,  and 
silver ;  the  sulphates  of  magnesia,  zinc,  baryta,  and  strontian, 
and  bisulphate  of  potash  ;  Rochelle  salt  (tartrate  of  potash  and 
soda)  and  emetic  tartar  (tartrate  of  potash  and  antimony). 

To  the  above  must  be  added  the  following  substances :  topaz, 
dichroite,  citric  acid  and  morphia. 

Properties. — The  crystals  of  this  system  present  the  following 
properties:  they  have  three  rectangular  axes  all  of  different 
lengths:  they  are  doubly  refracting  with  two  optic  axes;  and 
are  tri-unequiexpanding.  Consequently  they  have  three  rectan- 
gular unequal  elasticities.  On  the  eUipsoidal  hypothesis,  their 
atoms  are  ellipsoids,  with  three  unequal  axes. 

They  present  no  crystallographical  character  by  which  the 
principal  axis  can  be  distinguished  from  the  others  called 
secondary  axes ;  so  that  in  a  geometrical  point  of  view  the  choice 
of  this  axis  is  altogether  arbitrary.  But  considered  optically  the 
principal  axis  is  the  middle  point  between  the  two  nearest  poles 
of  no  polarization.  It  corresponds  with  what  is  called  by  Mr, 
Brooke  the  prismatic  axis  ;  that  is,  the  axis  which  passes  through 
the  centres  of  the  terminal  planes  of  the  prism. 

If  you  examine  one  of  the  simple  or  primary  forms  of  this  sys- 
tem— say  this  unmodified  rectangular  prism  (the  outer  prism  of 
figure  39),  you  observe  there  is  no  single  line  around  which  the 
figure  is  symmetrical  ;  nor  any  square  plane,  or  plane  which  can 
be  inscribed  within  the  circle.  But  let  each  of  the  two  opposite 
terminal  edges  be  replaced  by  a  square  plane,  both  equally  in- 
clined to  the  prismatic  axis,  and  the  line  which  passes  through 
the  centre  of  each  of  these  planes  will  represent  the  direction  of 
one  of  the  optic  axes. 

As  the  crystals  of  this  system  have  two  optic  axes,  they  present, 
when  examined  by  the  polariscope,  a  double  system  of  rings.  In 
nitre,  carbonate  of  lead,  and  arragonite  the  inclination  of  these 
axes  is  small ;  and,  therefore,  both  systems  of  rings  may  be  seen 
at  the  same  time. 

In  order  to  examine  these  by  the  polariscope,  we  must,  in  the 
case  of  the  three  crystals  just  mentioned,  cut  slices  of  them 
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perpendicularly  to  the  principal  or  prismatic  axis.  But  in  topazr, 
right  prismatic  mica,  and  Rochelle  salt,  the  inclination  of  the 
optic  axes  is  too  great  to  permit  both  of  them  to  be  seen  simul- 
taneously ;  and ,  therefore,  only  one  of  them  can  be  seen  at  a  time. 
Consequently  if  we  examine,  by  the  polariscope,  a  plate  of  any 
of  these  crystals,  cut  at  right  angles  to  the  prismatic  axis,  we  must 
incline  it  first  on  one  side  and  then  on  the  other,  to  see  succes- 
sively the  two  systems  of  rings.  To  obviate  this  inconvenience, 
plates  of  these  crystals  should  be  prepared  by  grinding  and 
polishing  two  parallel  faces  perpendicular  to  the  axis  of  one 
system  of  rings. 

Nitrate  of  potash,  also  called  nitre  or  saltpetre,  (N  O5  +  K  0) 
is  a  very  instructive  crystal  for  illustrating  the  double  system  of 
rings.  It  is  usually  met  with  in  the  form  of  a  six-sided  prism, 
with  diedral  summits. 

For  placing  in  the  polariscope,  we  use  plates  of  from  -JLth  to 
/3-th  of  an  inch  in  thickness,  cut  perpendicular  to  the  prismatic 
axis.  If  one  of  these  be  put  in  the  polariscope  in  such  a  position 
that  the  plane  passing  through  the  optic  axis  is  in  the  plane  of 
primitive  polarization,  we  shall  then  perceive  a  double  system  of 
coloured  elliptical  or  oval  rings,  intersected  by  a  cross,  but  the 
centre  of  the  cross  is  equidistant  from  the  centres  of  the  two 
systems  of  rings,  so  that  through  the  centre  of  each  system 
passes  one  arm  or  bar  of  the  cross,  the  other  arm  being  at 
right  angles  to  the  former.  When  the  polarizing  and  analyzing 
plates  are  crossed,  we  have  a  double  system  of  coloured  rings, 
with  a  black  cross  (fig.  40) ;  but  when  the  polarizing  and 
analyzing  plates  coincide,  we  have  another  double  system  of 
coloured  rings,  exactly  complementary  to  the  first,  with  a  white 
cross  (fig.  41). 


Fig.  40.  Fio.  41. 


If  when  the  analyzing  and  polarizing  tourmaline  plates  are 
crossed,  we  revolve  the  plate  of  nitre  in  its  own  plane  (both  the 
tourmaline  plates  remaining  unmoved)  the  black  cross  opens  into 
two  black  hyperbolic  curves.  When  the  angle  of  rotation  is  a 
quarter  of  a  right  angle,  we  have  the  appearance  represented  by 
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(fig.  42) ;  when  it  equals  half  of  a  right  angle,  the  black  arms 
have  assumed  the  forms  of  fig.  43. 


FlO.42.  FiC.  43. 


Here,  then,  is  a  remarkable  distinction  between  biaxial  and 
uniaxial  crystals,  for  you  will  remember  I  demonstrated  that 
when  the  uniaxial  crystal  was  rotated  iu  the  polariscope,  the 
black  cross  retained  its  position  and  shape. 

The  variation  of  form,  as  well  as  the  general  figure  of  the 
isochromatic  lines,  resembles  the  curve  called  by  geometers  the 
lemniscate.  The  inner  rinas  encircle  one  pole  only,  but  the 
outer  ones  surround  both  poles.  The  number  of  rings  which 
surround  both  poles  augments,  as  we  diminish  the  thickness  of 
the  plate  of  nitre,  until  all  the  rings  surround  both  poles,  and  the 
system  thus  greatly  resembles,  in  appearance,  the  rings  of  an 
uniaxial  crystal,  from  which,  however,  they  are  distinguished  by 
their  oval  form. 

I  have  already  stated,  that  in  biaxial  crystals  the  optic  axes 
for  different  colours  do  not  coincide.  In  the  case  of  nitre,  the 
axes  for  red  make  with  each  other  a  smaller  angle  than  the  axes 
for  blue.  Hence  the  red  ends  of  the  rings  are  inward,  that  is, 
between  or  within  the  two  optic  axes,  while  the  blue  ends  are 
outwards,  or  exterior  to  the  two  axes.  But  as  the  red  rings  are 
larger  than  the  blue  ones,  it  follows  that  there  are  points  exterior 
to  the  axes  where  all  the  colours  are  mixed,  or  all  are  absent. 
At  these  spots,  therefore,  the  rings  are  nearly  white  and  black. 
Now  if  we  trace  the  same  rings  to  the  positions  between  the 
axes,  "  the  red  rings  will  very  much  over-shoot  the  blue  rings; 
and,  therefore,  the  rings  have  the  colour  peculiar  perhaps  to  a 
high  order  in  Newton's  scale  *." 

Native  crystallized  carbonate  of  lead  constitutes  a  splendid 
polariscope  object.  It  is  to  be  cut  like  nitre ;  that  is,  perpen- 
dicularly to  the  prismatic  axis.  The  optic  axes  are  but  slightly 
inclined  (about  10^°)  and,  therefore,  both  of  them  may  be  simul- 
taneously perceived.    The  systems  of  rings  have  a  similar  form 


*  Airy,  Mathematical  Tracts,  p.  396.  2d  ed.  1831. 
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to  those  of  nitre,  and  like  the  latter,  the  red  ends  of  the  rings 
are  inwards,  the  blue  ends  outwards. 

Arragonite  forms  an  interesting  polariscope  object.  It  is 
identical  in  chemical  composition  with  calcareous  or  Iceland 
spar,  but  differs  in  crystalline  form  :  calcareous  spar  belonging  to 
the  rhombohedric,  arragonite  to  the  right  prismatic,  system. 
According  to  Gustav  Rose,  both  these  forms  of  carbonate  of 
lime  may  be  artificially  produced  in  the  humid  way,  but  calca- 
reous spar  at  a  lower,  arragonite  at  a  higher,  temperature.  In  the 
dry  way,  however,  calcareous  spar  alone  can  be  formed. 

The  inclination  of  the  optic  axes  of  arragonite  being  small 
(about  18°)  we  can  easily  see,  at  the  same  time,  the  two  negative 
systems  of  rings  surrounding  their  two  poles,  but  considerably 
more  separated  than  in  the  case  of  nitre.  For  this  purpose,  a 
plate  of  the  crystal  is  to  be  cut  perpendicularly  to  the  prismatic 
axis,  that  is,  equally  inclined  (at  about  9°)  on  each  of  the  optic 
axes.  If  we  rotate  the  plate  of  arragonite  on  its  axis  in  the 
polariscope,  the  tourmaline  plates  being  crossed  and  unmoved, 
the  two  sets  of  rings  appear  to  revolve  around  each  other.  By 
superposing  two  plates  of  arragonite,  we  obtain  four  systems  of 
rings. 

In  Rochelle  salt  (tartrate  of  potash  and  soda)  the  optic  axes 
of  the  differently  refrangible  or  coloured  rays  are  considerably 
separated.  If  a  plate  of  this  crystal,  cut  perpendicularly  to  the 
prismatic  axis,  be  inclined  first  on  one  side  and  then  on  the  other, 
both  the  systems  of  rings  may  be  successively  perceived.  But 
to  observe  the  separation  of  the  axes  for  differently  coloured  rays, 
Sir  J.  Herschel  directs  the  plate  to  be  cut  perpendicularly  to 
one  of  its  optic  axes.  If  we  view  the  rings  with  homogeneous 
light  they  appear  to  have  a  perfect  regularity  of  form,  and  to  be 
remarkably  well  defined.  With  differently  coloured  lights,  how- 
ever, they  not  only  differ  in  size  but  in  position.  If  the  light  be 
"  alternately  altered  from  red  to  violet,  and  back  again,  the 
pole,  with  the  rings  about  it,  will  also  move  backwards  and  for- 
wards, vibrating,  as  it  were,  over  a  considerable  space.  If  homo- 
geneous rays  of  two  colours  be  thrown  at  once  on  the  lens,  two 
sets  of  rings  will  be  seen,  having  their  centres  more  or  less 
distant,  and  their  magnitudes  more  or  less  different,  according 
to  the  difference  of  refrangibility  of  the  two  species  of  light 
employed." 

Topaz  (a  fluosilicate  of  alumina)  belongs  to  this  system.  As 
the  inclination  of  its  optic  axes  is  great  (about  50°),  we  can  see 
at  once  only  one  of  its  two  system  of  rings.  It  slits  with  facility 
in  planes  perpendicular  to  its  prismatic  axis,  and  equally  inclined 
to  its  two  optic  axes.    If  we  take  a  plate  cut  perpendicularly  to 
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the  prismatic  axis,  and  incline  it  first  on  one  side  and  then  on 
the  other,  we  shall  see  successively  two  systems  of  oval  rings, 
which  have  been  very  elaborately  described  by  Dr.  Brewster. 

The  plates  of  topaz  sold  in  the  opticians'  shops,  for  polariscope 
purposes,  have  been  obtained  by  cutting  the  crystal  perpendicu- 
larly to  one  of  the  optic  axes;  that  is,  at  an  angle  of  about  25° 
to  the  prismatic  axis.  With  these  we  only  see  one  system  of 
nearly  circular  rings  traversed  by  a  bar  or  arm  of  the  cross. 
We  observe  also,  that  the  optic  axes  for  different  colours  are 
somewhat  separated  ;  for  the  red  ends  of  the  rings  are  inwards,  or 
within  the  resultant  axes,  while  the  blue  ends  are  outwards. 

The  topazes,  which  are  cut  for  optical  purposes,  come  from 
Australia,  and  are  technically  known  as  Nova  Minas.  They  are 
colourless  and  remarkably  free  from  flaws  and  macles. 

Exceptions. — In  this  system,  as  in  the  others,  we  meet  with 
exceptions  to  some  of  the  statements  above  made. 

1.  JVIacled  crystals,  especially  of  Nitre  and  Arragonite,  are  very 
common.  Occasionally  idiocyclophanous  crystals  of  nitre  are  met 
with.    These  will  be  noticed  subsequently. 

2.  Sulphate  of  potash  is  a  tesselated  or  composite  crystal,  and 
as  such  will  be  described  hereafter. 

3.  Some  specimens  of  Brazilian  topaz  are  tesselated. 


SYSTEM  V. 

OBLIQUE  PRISMATIC  SYSTIiM, 

Synonymes. — ^The  two-  and  one- member ed st/stem,  the  hemior- 
thotype  system,  the  monoklinohedric  system,  or  the  hemihedric- 
rhombic  system. 

Forms. — To  this  system  belong  the  oblique  octohedron  with  a 
rectangular  base,  the  oblique  rectangular  prism,  the  oblique 
octohedron  with  a  rhombic  base,  and  the  oblique  rhombic  prism. 
Mr.  Brooke's  right  oblique-angled  prism  is  referred  to  this 
system. 

Rose  makes  no  distinction  between  the  homohedral  and  hemi- 
hedral  forms  in  this  system  ;  but  enumerates  the  following  as  the 
forms  of  the  system  : 

1.  Eorms  whose  faces  are  inclined  to  all  the  three  axes  {Octohedra). 

2.  Forms  whose  faces  are  inclined  to  two  axes,  and  are  parallel  to  the 
tliird  axis  (Prisms). 

3.  Eorras  of  which  the  faces  are  inclined  towards  one  axis  and  parallel 
to  the  two  others. 
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Oblique  Rectangular  Prism,  Oblique  Rhombic  Prism,  Oblique  Rectangular  Octahedron, 
and  Oblique  Rhombic  Octohedron. 

a  a.  Principal  axis.   bb,cc.  Secondary  axes. 

Crystals. — ^To  this  system  belong  the  crystals  of  sulphur, 
when  obtained  by  slow  cooling;  realgar  "(red  sulphuret  of 
arsenic),  and  red  antimony  (native  Kermes). 

A  considerable  number  of  salts  belong  here  also:  as  the  sul- 
phates of  soda,  lime  (selenite),  and  iron;  carbonate  and  sesqui' 
carbonate  (trona)  of  soda,  bicarbonate  of  potash,  chlorate  of 
potash,  phosphate  of  soda,  borax  (tincal),  the  acetates  of  soda, 
copper,  zinc,  and  lead,  binacetate  of  copper,  binoxalate  of  potash, 
glauberite  (sulphate  of  lime  and  soda),  and  ehromate  of  lead. 

To  this  system  are  also  referred  oblique  pristnatic  mica  (one 
of  the  kinds  of  diaxial  mica  described  by  Count  de  Bournon), 
tartaric  and  oxalic  acids,  sugar  candy,  and  the  crystals  fro7n  oil 
of  cubebs. 

Properties. — The  forms  of  this  system  have  three  axes,  all  of 
which  are  unequal.  Two  of  them  cut  one  another  obliquely, 
and  are  perpendicular  to  the  third.  From  the  forms  of  the  pre- 
ceding system  they  are  distinguished  by  this  obliquity  of  two  of 
their  axes.  As  the  three  axes  are  unequal,  it  is  indifferent  which 
we  take  for  the  principal  axis;  but  one  of  the  inclined  axes  is 
usually  selected,  because,  in  general,  the  crystals  are  extended  in 
the  direction  of  one  of  these,  so  that  in  most  cases  the  faces 
which  are  parallel  to  this  axis  greatly  predominate.  This  axis, 
therefore,  corresponds  with  that  which  Mr.  Brooke  calls  the 
prismatic  axis.  The  other  two  axes  are  called  secondary  axes . 
the  one  which  is  oblique  being  termed  the  first  secondary  axis  ; 
the  other,  which  is  perpendicular  to  it,  being  denominated  the 
second  secondary  axis. 

The  crystals  of  this  system  are  doubly  refracting  with  two 
optic  axes.  They  are  tri-unequiexpanding,  and  tri-unequiaxed. 
On  the  ellipsoidal  hypothesis  their  atoms  are  assumed  to  be 
ellipsoids  with  three  unequal  axes. 

G  2 
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In  the  opticians'  shops,  plates,  cut  from  several  crystals  of  the 
this  system,  are  sold  for  showing,  in  the  polariscope,  the  systems 
of  lernniscates.  They  are  usually  cut  perpendicularly  to  one  of 
the  optic  axes  ;  and,  therefore,  show  but  one  system  of  rings 
traversed  by  a  bar.    Of  these  I  shall  notice  three. 

Borax  deserves  especial  notice  on  account  of  its  optic  axes 
for  the  different  homogeneous  colours  lying  in  different  planes, 
a  fact  for  the  knowledge  of  which  we  are  indebted  to  Sir  John 
Herschel.  As  in  other  biaxial  crystals  it  will  be  observed  that 
the  rings,  or  lemniscates,  are  traversed  by  only  one  bar  or  arm  of 
the  cross.  In  the  next  place  it  will  be  perceived,  that  the  axes 
for  red  light  make  a  greater  angle  with  each  other  than  the  axes 
for  blue  or  purple;  hence,  unlike  nitre  and  carbonate  of  lead, 
the  red  ends  of  the  rings  are  outwards,  while  the  blue  ends  are 
inwards.  This  fact,  however,  only  proves  that  the  axes  for  dif- 
ferent colours  do  not  coincide;  it  does  not  show  that  they  lie  in 
different  planes.  But  if,  the  tourmaline  plates  being  crossed, 
the  plate  of  borax  be  placed  at  such  an  azimuth  that  the  bar  or 
arm  of  the  black  cross  distinctly  traverses  the  centre  of  the 
system  of  lemniscates  and  leaves  an  interval  perfectly  obscure, 
we  shall  then  see  that  the  arm  of  the  cross  is  not  straight,  as  in 
nitre  (fig.  40),  but  has  a  hyperbolic  form.  The  reason  of  this 
difference  is  obvious:  in  nitre  all  the  axes  lie  in  the  same  straight 
line  or  plane,  while  in  borax  they  are  disposed  obliquely,  or  in 
different  planes. 

Selenite  is  sometimes  cut  to  show  one  of  its  two  systems  of 
rings.  I  have  already  described  this  crystal,  and  demonstrated 
the  uniform  tints  produced  by  films  of  selenite  of  equal  thick- 
ness. To  show  the  rings  the  crystal  must  be  cut  at  right  angles 
to  one  of  its  optic  axes. 

Sugar  Candy  makes  an  interesting  polariscope  object.  This 
crystal  is  also  cut  perpendicular  to  one  of  its  optic  axes,  and, 
therefore,  shows  only  one  of  its  two  systems  of  rings. 

Exceptions. — Owing  to  irregularities  of  crystallization,  the 
rings  of  some  of  the  crystals  of  this  system  are  often  seen  more 
or  less  distorted.  Macled  selenite  is  very  common,  as  I  have 
before  mentioned.  Sir  John  Herschel  states,  that  idiocyclophon- 
ous  crystals  of  bicarbonate  of  potash  are  frequent.  I  shall 
hereafter  notice  them. 

SYSTEM  VI. 

DOUBLY  OBLIQUE  PRISMATIC  SYSTEM. 

Synonymes. — The  one-  and  one-membered,  the  anorthotype, 
the  triklinohedric,  or  the  tetartohedric-rhombic  system. 

Forms. — To  this  system  belong  the  doubly  oblique  octohedron 
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and  the  doubly  obliq^ie  prism.  Rose  makes  no  disthiction  of 
homohedral  and  hemihedral  forms;  but  arranges  the  forms  of 
this  system  as  follows: 

1.  Forms  whose  faces  are  inclined  to  all  the  three  axes.  {Octohedra.') 

2.  Forms  whose  faces  are  inclined  to  two  axes,  and  are  parallel  to  the 
third.  (Prisms.) 

3.  Forms  which  have  their  faces  inclined  towards  one  axis  only.  These 
forms  are  the  faces  of  truncation  of  the  three  kinds  of  angles  of  tha 
octehedron. 


Fig. 45. 


Tivo  Doubly  Oblique  Prisms,  and  two  Doubly  Oblique  Octohedra. 
a  a.  The  Principal  Axis,   bb,  cc.  The  Secondary  axes. 

Vrystals  — The  most  important  substances,  whose  crystalline 
forms  are  referable  to  this  system,  are  boracic  acid,  sulphate  of 
copper*,  nitrate  of  bismuth,  sulphate  of  cinchonia,  quadroxalate 
of  potash,  and  gallic  acid. 

Properties. — The  forms  belonging  to  this  system  have  three 
axes  all  unequal  and  oblique-angular  to  one  another ;  they  are 
doubly  refracting,  with  two  optic  axes;  and  they  are  tri-unequi- 
expanding.    Consequently  they  have  three  unequal  elasticities. 

Of  the  three  axes  just  referred  to,  one  is  taken  for  the  prin- 
cipal axis,  the  other  two  for  the  secondary  axes  ;  but  geometri- 
cally considered  the  selection  is  altogether  arbitrary.  The 
principal  axis  coincides  with  Mr,  Brooke  s prismatic  axis. 

"  The  forms  of  this  system,"  says  G.  Rose,  <'  have  not  symmetri- 
cal faces.  All  the  faces  are  unique,  so  that  this  system  is  the  one 
which  differs  the  most  from  the  regular  or  cubic  system,  in  which 
we  find  the  greatest  symmetry  on  account  of  the  equality  and 
perpendicularity  of  the  axes."  It  is  sometimes  exceedingly  dif- 
ficult to  distinguish  the  forms  of  this  system.  "  The  "doubly 
oblique  prism,"  observes  Mr.  Brooke,  "  will  be  found  the  most 

*  Mr,  Brooke  {axt.  Mineralogy,  in  the  Encychpcedia  Metropolitana),  says, 
that  the  prmiary  form  of  Sulphate  of  Copper  is  an  oblique  rhombic  prism, 
and  Mr.  R.  PhiUips  (Translation  of  the  Pharmacopeia,  p.  237,  4th  edit., 
1841)  has  adopted  Mr.  Brooke's  statement.  If  this  be  correct,  sulphate 
■of  copper  of  course  belongs  to  the  oblique  prismatic  system,  and  not  to  the 
doubly  oblique  prismatic  system,  I  have,  however,  referred  it  to  the  latter 
system  on  the  authority  of  Gustav  Rose,  and  most  of  the  other  eminent 
German  crystallographcrs. 
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difficult  of  all  the  primary  forms  to  determine  from  its  secondary 
crystals.  It  is  distinguishable  from  all  other  forms,  when  its 
crystals  are  single,  by  the  absence  of  symmetrical  planes  analo- 
gous to  those  of  other  prisms ;  but  it  very  frequently  occurs  in 
hemitrope  or  twin  crystals,  which  must  resemble  some  of  the 
forms  of  the  oblique  rhombic  prism,  and  can  then  be  distin- 
guished only  by  some  re-entering  angle  or  other  character  on  the 
surface  of  the  crystal." 

Sulphate  of  Copper  (Cu  O.  S  O3.  5  Aq.)  is  sometimes  cut  to 
show  the  two  sets  of  rings  or  lemniscates  of  this  system  ;  but  the 
blue  colour  of  the  crystal  destroys  their  brilliancy. 


LECTURE  IV. 

4    CIKCULAU  POLARIZATION. 

The  name  of  circular  or  rotatory  polarization  has  been  ap- 
plied to  a  peculiar  modification  of  light,  first  observed  by  Arago 
in  the  mineral  called  Quartz,  and  whose  characteristic  and  distinc- 
tive properties  I  shall  presently  point  out. 

On  the  wave  hypothesis,  the  term  circular  or  rotatory  is  pecu- 
liarly appropriate,  since  it  is  assumed  that  the  ethereal  molecules 
describe  circles,  in  other  words  that  they  vibrate  or  revolve  uni- 
formly in  circles,  and  the  form  of  the  ethereal  wave  thereby 
produced,  is  that  of  a  spiral  or  circular  helix  (that  is,  to  a  helix 
traced  round  a  circular  cylinder),  of  which  a  corkscrew  and  a 
bell-spring  are  familiar  illustrations. 

But  apart  from  all  hypothetical  considerations,  the  name  is  an 
appropriate  one.  For  unlike  the  rays  of  common  polarized  (that 
is,  plane  or  rectilinearly-polarized)  light,  those  of  circularly  polar- 
ized light  have  no  distinction  of  sides,  or,  in  other  words,  they  have 
"  no  particular  relations  to  certain  regions  of  space,"  but  present 
similar  properties  on  all  sides,  and  the  angles  of  reflection  at  which 
they  are  restored  to  plane  polarized  light,  in  different  azimuths, 
are  all  equal,  like  the  radii  of  a  circle  described  round  the  ray. 

There  are  two  varieties  or  kinds  of  circularly  polarized  light 
which  have  been  respectively  distinguished  by  the  names  of 
dextrogyrate  or  right-handed,  and  Iceuogyrate  or  left-handed. 

In  one  of  these  the  vibrations  are  formed  in  an  opposite  direc- 
tion to  those  in  the  other.  Unfortunately,  however,  writers  are 
not  agreed  on  the  application  of  these  terms  ;  and  thus  the 
polarization, called,  by  Biot,  right-handed,  is  termed, by  Herschel, 
left-handed,  and  vice  versd.  There  is,  however,  no  difference  as  to 
the  facts,  but  merely  as  to  theirdesignation.  If,  on  turning  the  ana- 
lyzing prism  or  tourmaline  from  left  to  right,  the  colours  descend 
in  Newton's  scale,  that  is,  succeed  each  other  in  this  order — red, 
orange,  yellow,  green,  blue,  indigo,  and  violet,  Biot  designates 
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the  polarization  as  right-handed,  or  +,  or 


;  whereas 


if  they  descend  in  the  scale  by  turning  the  analyzer  from  right 

to  left,  he  terms  it  left-handed,  or  — ,  or  •    Sir  John 

Herschel,  on  the  other  hand,  supposes  the  observer  lo  look  in  the 
direction  of  the  ray's  motion.  Let  the  reader,  he  observes,  "  take 
a  common  corkscrew,  and  holding  '\iwith  the  head  towards  him, 
l€t  him  use  it  in  the  usual  manner,  as  if  to  penetrate  a  cork.  The 
head  will  then  turn  the  same  way  with  the  plane  of  polarization 
as  a  ray  in  its  progress  from  the  spectator  through  a  right-handed 
crystal  may  becunceived  to  do.  If  the  thread  of  the  corkscrew  were 
reversed,  or  what  is  termed  a  left-handed  thread,  then  the  motion 
of  the  head,  as  the  instrument  advanced,  would  represent  that  of 
the  plane  of  polarization  in  a  left-handed  specimen  of  rock  crystal." 

I  shall  adopt  Biot's  nomenclature,  and  designate  the  polariza- 
tion right-handed  or  left-handed,  according  as  we  have  to  turn 
the  analyzing  prism  to  the  right  or  to  the  left  to  obtain  the  colours 
in  the  descending  order. 

In  a  former  lecture  I  endeavoured  to  explain  the  nature  of 
circularly  polarized  light,  according  to  the  wave  hypothesis. 
Powell's  machine  (see  p.  27)  gives  a  very  clear  notion  of  the  dif- 
ference between  a  circular  and  a  plane  wave.  You  may,  perhaps, 
remember  that  I  stated,  that  a  circular  wave  is  composed  of  two 
plane  waves  of  equal  intensity,  polarized  at  right  angles,  and 
differing  in  their  progress  one  quarter  of  an  undulation.  I  endea- 
voured to  demonstrate  this  fact  by  a  machine  invented,  I  believe, 
by  Mr.  Wheatstone  (see  p.  33). 

Now,  in  order  that  you  may  comprehend  how  we  effect  the 
circular  polarization  of  light,  I  must  beg  of  you  to  keep  in  mind 
these  statements.  Remember,  that  to  convert  plane-polarized 
into  circularly-polarized  light,  two  conditions  are  necessary, 
namely,  1st,  the  existence  of  two  systems  of  luminous  waves, 
of  equal  intensity,  polarized  perpendicularly  to  each  other  ;  and, 
2dly,  a  difference  in  the  paths  of  these  two  systems  of  an  odd  or 
uneven  number  of  quarter  undulations.  Now,  whenever  these 
two  conditions  are  satisfied,  circularly  polarized  light  results. 
But  how  are  we  to  satisfy  them  ?  By  so  doubly  refracting  plane 
polarized  light,  that  the  two  resulting  waves  shall  differ  in  their 
path  an  odd  quarter  undulation. 

There  are  five  modes  of  effecting  the  circular  polarization  of 
light,  that  is  of  satisfying  the  conditions  above  mentioned  ;  but 
they  all  agree  in  acting  on  the  principle  now  laid  down,  namely, 
that  by  them  plane  polarized  light  is  doubly  refracted,  and  two 
rectangularly  polarized  waves  produced,  which  differ  in  their 
path  an  odd  quarter  undulation. 
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1.  Fresnel's  Method. —  Fresnel  effected 
the  circular  polarization  of  light  by  means 
of  a  parallelopiped  of  St.  Gobin  (crown) 
glass  (fig.  46),  whose  acute  angles,  B  and 
C,  are  about  54°,  and  consequently  whose 
obtuse  ones,  A  and  D,  are  about  126°. 
This  apparatus  is  commonly  called  FresneVs 
rhomb.  If  a  ray,  a,  of  plane  polarized 
light  be  incident  perpendicularly  on  the 
face,  A  B,  it  will  suffer  two  total  internal 
reflections,  at  an  angle  of  about  54°,  one 
at  E,  the  other  at  F,  and  will  emerge  per- 
pendicularly from  the  face,  D  C.  If  the 
first  plane,  B  D,  of  internal  reflection,  be 
inclined  45°  to  the  plane  of  polarization 
A.B.t^'vlln^-^ti.om^.''^  the  incident  ray,  «  the  emergent  ray, 

a.  Incident  ray  of  plane  ^'  ^f^'^  ^6  CU-Cularly  polariZCd.  _ 

polarized  light.  Let  US  HOW  cndeavour  to  explain  this  phe- 

c'.  cfrcuiar^Vo^iarized  nomenon  according  to  the  wave  hypothesis, 
ray-  So  long  as  reflection  is  partial,  whether 

performed  at  the  first  or  second  surface  of  the  diaphanous  medium, 
the  incident  light  suffers  only  a  deviation  from  its  plane  of  polariza- 
tion,without  having  its  primitive  properties  altered,whatever  may  be 
the  azimuth  of  its  plane  relatively  to  that  of  the  plane  of  reflection. 

But  when  the  reflection  is  total  the  case  is  very  different.  The 
reflected  rays  then  have,  in  general,  suffered  partial  depolariza- 
tion, especially  if  the  plane  of  reflection  is  in  an  azimuth  of 
45°  relatively  to  the  primitive  plane  of  polarization.  Now,  a  ray 
of  light  thus  modified,  or  depolarized,  as  it  is  termed,  may  be  repre- 
•  sented  by  two  rays  polarized,  the  one  according  to  the  plane  of 
reflection,  the  other  perpendicularly  to  it.  In  other  words,  the 
incident-polarized  ray  (fig.  46,  a)  is  resolved  by  reflection  into  two 
rectangularly  plane-polarized  rays  (i),  the  planes  of  which  are 
inclined  respectively,  the  one  45°  to  the  left,  the  other  45°  to  the 
right  of  the  plane  of  polarization  of  the  incident  ray. 

But  it  is  obvious  that  the  reflection  of  these  two  rectangularly 
polarized  rays  must  be  effected  at  different  depths,  and,  therefore, 
under  very  different  circumstances.  The  ray  whose  vibrations 
are  performed  parallel  to  the  reflecting  surface  will  glide,  as  it 
were,  on  the  surface,  and  be  reflected  in  a  stratum  of  uniform 
density  ;  whereas  the  ray,  whose  vibrations  are  performed  per- 
pendicularly to  the  reflecting  surface,  will  penetrate  to  a  greater 
depth,  and  pass  into  strata  of  varying  density.  The  latter  ray 
will,  therefore,  suffer  a  greater  retardation  than  the  one  whose 
vibrations  are  performed  parallel  to  the  reflecting  surface. 

Now  when,  in  the  case  of  Fresnel's  rhomb,  the  plane  of  the  first 
reflecting  surface  is  in  an  azimuth  of  45°  to  that  of  the  incident  ray, 
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the  retardation  is  equal  to  |^th  undulation.  The  same  ray  is  farther 
retarded  another  ^th  undulation  by  the  second  reflection ;  and  now 
differs  in  its  phase  from  that  of  the  other  ray  |th  of  an  undulation. 

Thus  are  obtained  the  conditions  necessary  for  the  formation 
of  a  ray  of  circularly-polarized  light;  namely,  two  plane  rays  of 
equal  intensity,  polarized  in  planes  perpendicular  to  each  other, 
and  differing  in  their  path  |th  of  an  undulation. 

2.  Airy's  Method. —  If  a  ray  of  plane  polarized  light  be  trans- 
mitted through  a  lamina  of  either  mica  or  selenite  of  such  a 
thickness  that,  for  a  ray  perpendicular  to  the  lamina  (that  is,  the 
ray  polarized  in  the  plane  of  one  of  the  principal  sections  of  the  mica) 
the  ordinary  ray  shall  be  retarded,  an  odd  or  uneven  number  of 
quarter  undulations,  as  |th,  |ths,  or  ^ths  (according  to  the  con- 
venience of  splitting)  more  than  the  extraordinary  ray  (that  is, 
the  ray  polarized  in  the  plane  of  the  other  principal  section),  the 
emergent  light  will  be  found  to  be  circularly-polarized.  In  this 
case  the  incident  light  is  resolved  into  two  sets  of  vibrations,  at 
right  angles  to  each  other,  and  one  of  these  is  retarded  in  its 
phases  more  than  the  other. 

Between  this  and  Fresnel's  method  of  effecting  circular  pola- 
rization, there  is  this  difference  :  in  Fresnel's  rhomb  the  retarda- 
tion of  the  one  ray  is  nearly  the  same  for  all  colours,  that  is, 
for  waves  of  different  lengths.  But  in  the  case  of  the  lamina 
of  mica  or  selenite,  the  retardation  is  greater  for  blue  rays  than 
for  red  rays.  "  This  is  seen  most  distinctly  on  putting  several 
such  laminee  together  [in  the  same  crystalline  position],  when  the 
light  which  is  reflected  from  the  analyzing  plate  is  coloured, 
whereas,  on  putting  together  several  of  Fresnel's  rhombs,  there 
is  no  such  colour.  It  is  plain  that  in  substituting  such  a  lamina  for 
Fresnel's  rhomb,  the  plane  of  polarization  of  that  ray  which  is  least 
retarded,  corresponds  to  the  plane  of  reflection  in  the  rhomb." 

3.  Dove's  Method.—  'Th'is  consists  in  transmitting  plane  polar- 
ized light  through  glass  to  which  a  certain  degree  of  doubly  - 
refracting  power  has  been  communicated  by  pressure,  or  by  rapidly 
heating  or  cooling  it. 

I  have  already  shown  that  well  annealed  glass  acquires  doubly 
refracting  properties  when  compressed  ;  that  unannealed  glass 
possesses  similar  properties  ;  and  also  that  during  the  time  that 
glass  is  rapidly  heating  or  cooling  it  is  likewise  a  double  refractor. 

Of  the  two  systems  of  waves  which  are  thus  obtained,  one  is 
polarized  in  a  plane  parallel  to  the  axis  of  compression,  the  other 
in  a  plane  perpendicular  to  it. 

Now,  if  the  degree  of  doubly  refracting  power  thus  communi- 
cated to  glass  be  just  sufficient  to  effect  the  retardation  of  one 
of  the  systems  of  waves  ^of  an  undulation,  we  obtain  a  structure 
fitted  forconverting  plane-polarized  into  circularly-polarized  light. 

"  If  a  square  or  circular  plate  of  glass,"  says  Dove,  "  be  com- 
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pressed  so  that  the  axis  of  compression  forms  an  ang^le  of  45° 
or  135°  with  the  plane  of  primitive  polarization,  the  light  passing 
through  the  centre  of  the  glass  at  a  certain  degree  of  the  pressure 
will  be  circularly  polarized.  During  a  complete  revolution  of 
the  plate  in  its  plane  round  the  perpendicular  incident  ray  as  an 
axis  of  revolution,  the  light  is  polarized  four  times  rectilinearly 
and  four  times  circularly :  rectilinearly  when  the  compressing 
screw  acts  on  the  points  0°,  90°,  180°,  270°,  that  is  to  say,  when 
the  axis  of  compression  is  perpendicular  to  the  plane  of  pVimitive 
polarization,  or  lies  within  it ;  and  on  the  contrary,  it  is  polarized 
circularly  when  that  point  of  action  corresponds  to  the  points  of 
division,  45°,  135°,  225«,  315°,  whilst  45°,  and  225°,  as  also 
135"  and  315°,  exhibit  a  similar  effect." 

These  statements  may  be  rendered  more  intelligible  by  the  fol- 
lowing diagram  : 

Fio.  47. 


If  light,  rectilinearly  polarized  in  the  plane  0°  180°,  or  in  that 
of  90°  270°,  be  incident  on  a  circular  disk  of  compressed  glass 
(fig.  47,  A,  B,  C,  D),  the  emergent  light  is  rectilinearly  polarized 
when  the  axis  of  compression  is  either  0''  1 80°,  or  90°  270''  ;  but 
is  circularly  polarized  when  the  axis  of  compression  is  either  45'' 
225°,  or  135°  315°.  At  all  intermediate  azimuths  it  is  ellipti- 
cally  polarized. 
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Fig.  48. 


The  degree  of  compression  to  which  the  glass  is  to  be  subjected, 
to  produce  these  effects,  is  such  that  when  the  compressed  glass 
is  placed  in  the  polariscope,  with  the  tourmalines  crossed,  a 
black  cross  is  seen  with  blond-white  vacant  spaces  in  the  corners. 

Unannealed  glass,  possessing  the  same  degree  of  doubly 
refracting  power,  acts  in  a  similar  manner  to  compressed  glass. 

Annealed  glass, while  either  rapidly  heating  or  cooling,  likewise 
gives  rise  to  similar  effects  at  the  time  when  its  doubly  refracting 
power  is  just  equal  to  that  of  thecompressed  glass  above  described. 

4.  Quartz.  —  I  now  proceed  to  notice  the  remarkable  optical 
properties  of  the  substance  denominated  Quartz. 

This  term,  the  etymological  origin  of  which  is  not  clearly  made 
out,  is  applied  to  some  of  the  crystalline  forms  of  silica.  The 
transparent  variety,  called  rock  or  mountain  crystal,  is  the  kind 
used  for  optical  purposes.  Very  perfect  transparent  crystals  are 
found  near  Bristol  and  in  Cornwall,  and  are  called  Bristol  or 
Cornish  diamonds.  The  opticians  cut  some  of  the  most  limpid 
and  large  crystals,  which  usually  come  from  the  Brazils,  for 
making  lenses  for  spectacles  and  eye-glasses,  and  which  they 
denominate  pebbles. 

Quartz  belongs  to  the  rhombohedric  system . 
Its  most  common  form  is  the  six-sided  prism, 
terminated  by  six-sided  pyramids  (fig.  48).  Its 
fracture  is  conchoidal. 

Now,  as  quartz  belongs  to  the  same  system 
of  crystals  to  which  Iceland  spar  belongs,  it 
might  be  expected  that  when  we  place  a  plate 
of  it,  cut  perpendicularly  to  its  principal  or 
prismatic  axis  (fig.  49  a  a),  in  the  polariscope, 
we  should  observe  the  cross  and  a  system  of 
circular  rings,  as  in  the  case  of  Iceland  spar 
and  other  crystals  of  the  rhombohedric  sys- 
tem. But  this  is  not  the  case.  We  do,  indeed, 
observe  a  system  of  rings,  but  the  centre  of 
the  cross  is  wanting  (fig.  50).  Instead  of  the 
cross  within  the  inner  ring  we  observe  an  uni- 
form tint,  the  colour  of  which  changes  when 
the  analyzer  is  revolved  ;  and,  in  succession. 
Different  modes  of  slit- all  the  colours  of  the  spectrum  are  brought 
purposes^r^  °'  optical  j^^j.^  yjew.  But  the  order  of  succession  (sup- 
aa.  Plates  transverse  posing  the  direction  Or  revolution  of  the  ana- 

to  the  pnsmatic  axis,  for  r        \  .     ^,  ,        .  . 

showing  (in  the  poiari-  lyzcr  to  remain  the  same)  varies  in  different 
cXrin\\(S)?^"'"  crystals.  Thus,  suppose  we  turn  the  analyzer 

66.  Plates  cut  obliquely  right-handed,  that  is,  as  we  screw  up,  the 
^L*stUghtban(fs^°'''''^  colours  succced  each  other,  either  in  this 

cc.  Wedges  for  making  order  —  red,  orange,  yellow,  green,  blue,  in- 

WoUaston's  quarts  dou-  j.         -t.  i     *'  .  , 

biy  refracting  prisms.     aigo,  violet,  red  again,  and  so  on  ;  or  in  the 


Ordinary  Crystal  of 
Quartz, 

Fio.  40- 
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following  order  —  red,  violet,  indigo,  blue, 
green,  yellow,  orange,  red  again,  and  so  on. 
So  that  to  obtain  the  same  order  of  succes- 
sion, the  analyser  must  be  turned  in  the  one 
case  right-handed,  or  as  we  screw  up,  in  the 
other  left-handed,  or  as  we  unscrew.  This 
will  be  rendered  more  obvious  by  the  follow- 
ing diagrams  : 


Fig. 51. 


Right-handed. 
Red. 


Fig.  52. 


Left-handed. 
Red.. 


Red. 


Fig.  53. 


In  each  of  these  diagrams  the  arrow  shows  the  direction  in 
which  the  analyzer  is  to  be  rotated,  in  order  to  obtain  the  spec- 
tral tints  in  the  descending  order.  In  one  complete  revolution  of 
the  analyzer  each  of  the  colours  of  the  spectrum  occurs  twice. 
In  other  words,  all  the  colours  are  seen  in  one  semi-revolution  of 
the  analyzer. 

Hence  those  specimens  of  quartz  which  present  the  colours  in 
the  descending  order  by  a  right-handed  rotation  of  the  analyzer, 
are  denominated  dextrogyrate,  or  right-handed  quartz;  while 
those  which  present  them  'by  a  left-handed  rotation  are  called  Icb- 
vogyrate,  or  left-handed  quartz. 

Between  these  two  varieties  there  has  been 
discovered  by  Sir  John  Herschel  another  dif- 
ference.    In  that  form  of  quartz,  termed  by 
Haiiy  plagiedral  (from  irXdyios  oblique,  and 
f'Bpa  a  base),  it  has  been  found  that  when  the 
unsymmetrical  or  plagiedral  faces  (fig.  .53  x) 
lean  to  the  right,  the  polarization  is  right- 
handed,  and  vice  versd,  when  they  lean  to  the 
left  the  polarization  is  left-handed.  So  that  the 
Plagiedral  Quartx.    cause,  whatever  it  may  be,  which  determines 
the  optical  phenomena  is  also  connected  with  the  production  of 
the  plagiedral  faces. 

If,  instead  of  using  white  light  in  our  experiments,  we  employ 
homogeneous  light,  we  find  that  the  plane  of  polarization  of  the 
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incident  rays  is  turned  or  made  to  rotate  either  to  the  right  or 
left,  according  as  the  quartz  plate  is  either  right-handed  or  left- 
handed.  This  rotation  of  the  plane  of  polarization  of  the  inci- 
dent ray  is  proportional  to  the  thickness  of  the  plate.  The  rings 
produced  by  thin  plates  are  broader  and  less  numerous  than 
those  produced  by  thick  plates.  If  two  plates  be  superposed 
the  effect  is,  very  nearly,  the  same  as  that  produced  by  a  single 
plate  whose  thickness  is  either  the  sum  or  the  difference  of  the 
thicknesses  of  the  two  plates  ;  according  as  they  are  of  the  same 
kind  (that  is,  both  either  right-handed  or  left-handed),  or  of 
opposite  kinds  (that  is,  one  right-handed,  the  other  left-handed). 
Thus,  if  the  rotation  of  the  red  rays,  effected  by  a  plate  of  quartz 
of  ^^^th  of  an  inch  thick  be  equal  to  17|-°,  that  produced  by 
two  superposed  plates  of  equal  thickness,  taken  from  the  same 
crystal,  will  be  2xl7J°=35°.  On  the  other  hand,  if  we  combine 
a  plate  of  right-handed  quartz  of  -^-^t-h.  of  an  inch  thick  with  a 
plate  of  left-handed  quartz  of -j^^^ths  of  an  inch  thick,  the  same 
effects  are  produced  as  if  we  had  employed  a  left-handed  plate 
of  -jjths  of  an  inch  thick.  When  the  thicknesses  of  the  two  dis- 
similar plates  are  equal  "  the  plates  of  course  destroy  each  other's 
effects,  and  the  system  of  rings  with  the  black  cross  will  be  dis- 
tinctly seen."  {Brewster). 

The  rotation  of  the  plane  of  polarization  increases  with  the 
refrangibility  of  the  rays.  Thus  it  is  greater  with  violet  than 
with  blue,  with  blue  than  yellow,  and  with  yellow  than  red. 


Homogeneous  Ray.  Arc  of  Rotation. 

Extreme  Red    17"  29'  47" 

Limit  of  Red  and  Orange   20°  28'  47" 

"       Orange  and  Yellow   22°  18' 49" 

"       Yellow  and  Green    25°  40'  31" 

"       Green  and  Blue    30°  2' 45" 

"      Blue  and  Indigo   34°  34'  18" 

"      Indigo  and  Violet    37"  51'  58" 

"       Extreme  Violet    44°  4' 58" 


I  come  now  to  the  explanation  which  the  wave  hypothesis 
offers  of  these  phenomena. 

When  the  light,  rectilinearly  polarized  by  the  first  tourmaline 
plate,  is  incident  on  the  quartz  plate,  it  suffers  double  refraction. 
To  prove  this,  Fresnel  contrived  a  combination  of  a  right-handed 
prism,  and  two  halves  of  a  left-handed  one,  by  which  he  doubled 
the  separation  of  the  two  rays,  and  in  this  way  managed  to 
demonstrate  the  actual  existence  of  double  refraction  in  the 
principal  or  prismatic  axis  of  quartz.  This  is  a  most  remarkable 
fact.  In  the  principal  or  prismatic  axis  of  every  other  known 
crystal  of  the  rhombohedric  system  double  refraction  does  not 
exist. 
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But  the  two  rays  thus  obtained  differ  in  their  properties  from 
those  produced  by  Iceland  spar  and  other  doubly  refracting 
crystals,  for  while  the  latter  are  rectilinearly  polarized,  those  of 
quartz  are  circularly  polarized.  Now  every  circularly  polarized 
ray  is  equal  to  two  rectilinearly  polarized  waves,  differing  in  their 
progress  an  odd  number  of  |  undulations.  It  follows  therefore,  that 
the  two  circularly  polarized  waves  are  equal  to  four  rectilinearly 
polarized  waves.  Hence  then  to  explain  the  phenomena,  we  must 
assume  that  the  rectilinearly  polarized  ray  (which  I  shall  call  R) 
incident  on  the  quartz,  is  resolved  into  two  others  (A  and  B) 
of  equal  intensity,  the  one  (A)  polarized  in  a  plane  45°  inclined 
to  the  right,  the  other  (J5)  45°  inclined  to  the  left  of  the  plane 
of  polarization  of  the  primitive  ray  (R).  Let  us  further  conceive 
that  each  of  the  two  rays  (A  and  B)  is  resolved  into  two  other 
rays,  namely  A  into  Aa  and  Ab,  and  B  into  Ba  and  Bb.  Aa 
and  Ab  are  polarized  in  one  plane,  viz.,  +  45°,  while  Ba  and 
Bb  are  polarized  in  another  plane,  viz., — 45°.  Aa  and  Ba  have 
each  their  phases  advanced,  or  +  |  undulation,  while  ^6  and  Bb 
have  each  their  phases  retarded,  or  — ^  undulation  *.  Now  if  we 
suppose  these  four  rays  to  be  combined  two  and  two  in  a  cross 
order,  we  shall  have  resulting  two  circularly  polarized  rays,  one 
right-handed,  the  other  left-handed.  Thus  Aa  and  Bb  combine 
to  form  a  left-handed  ray,  while  Ab  and  Ba  form  a  right-handed 
one.  For  when  the  advanced  system  of  waves  has  its  plane  of 
polarization  to  the  right  of  that  of  the  retarded  system,  the  ethe- 
real molecules  rotate  from  right  to  left ;  whereas  they  rotate  from 
left  to  right  when  the  first  plane  is  to  the  left  of  the  second. 

These  two  circularly  polarized  rays  are  propagated  along  the 
axis  of  quartz  with  unequal  velocities.  In  right-handed  quartz, 
the  right-handed  ray  is  transmitted  with  greater  velocity,  in  left- 
handed  quartz  with  lesser  velocity  than  the  left-handed  ray  ;  and 
thus  at  their  emergence  one  is  in  advance  of  the  other.  If  the 
surface  of  egress  or  ingress  be  oblique  to  the  axis,  the  two  circu- 
larly polarized  rays  will  emerge  in  different  directions  ;  but  if  it 
be  perpendicular  (as  in  the  experiment  under  examination)  they 
will  emerge  superposed,  and  will  compound  a  single  ray  polarized 


*  "  It  results  from  the  laws  of  interference,"  says  Fresnel,  "  that  a  sys- 
tem of  -waves,  polarized  rectilinearly,  may  be  replaced  by  two  others,  pola- 
rized at  right  angles  to  each  other,  and  coinciding  in  their  route  ;  and  that 
for  each  of  these  we  may  substitute  two  other  systems  of  waves  having  the 
same  plane  of  polarization,  but  the  one  advanced,  the  other  retarded  Jth  of 
an  undulation  ;  and  thus  separated  Jth  of  an  undulation.  In  this  way  are 
obtained  four  systems  of  waves  of  equal  intensity,  of  which  two,  polarized 
at  right  angles  to  each  other,  are  |th  of  an  undulation  behind  the  two  others 
polarized  in  the  same  planes." 
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in  a  single  plane.  Now  this  plane  is  removed  from  the  plane  of 
primitive  polarization  by  an  angle  proportional  to  the  interval  of 
retardation  (therefore,  proportional  to  the  thickness  of  the  crystal) 
and  to  the  refrangibility  of  the  ray. 

Thus  then  the  differently  coloured  rays  emerge  from  the  quartz 
plate  polarized  ia  different  planes  ;  hence,  by  rotating  the  ana- 
lyzer, they  are  successively  transmitted  and  brought  into  view. 

The  following  diagram  may,  perhaps,  serve  to  render  more 
intelligible  the  explanations  of  the  action  of  a  plate  of  quartz,  of 
one  millimetre  (0.03937  of  an  English  inch)  in  thickness,  on  the 
incident  reclilinearly  polarized  red  light. 


Incident 
Red  Ray. 
Plane  of 
Polarization 


Platte  of 
Polarization.  Phase. 
^    |Aa...+45°  +1  7 Left-handed  Kay  ■ 

+45 


A6...+45°  —J 

B6..,— 45°  -4'' 


B 

L~^^°  (^Ba...— 45^  +J ——^Eight-handed  Eay. 


Emergrent 
Red  Ray. 
Plane  of 
Polarization 
17J°. 


A  succession  of  quartz  prisms  does  not  give  a  further  multipli- 
cation of  images — a  circumstance  which  distinguishes  the  double 
refraction  of  quartz  from  that  of  Iceland  spar  and  other  crystals. 

The  above  explanation  is  applicable  only  when  the  direction 
of  the  rays  coincides  with  the  principal  axis  of  the  crystal. 
When  it  is  inclined  to  this  axis,  Mr.  Airy  has  shown  that  the  two 
resulting  rays  are  elliptically  polarized,  the  elliptical  vibrations 
in  the  two  rays  being  in  opposite  directions  (that  is,  one  right- 
handed,  the  other  left-handed),  and  the  greater  axis  of  the 
ellipse  is  for  the  extraordinary  ray,  in  the  principal  plane  of  the 
crystal,  and,  for  the  ordinary  ray,  in  a  plane  perpendicular  to 
the  principal  one.  The  ratio  of  the  axes  in  these  ellipses,  varies 
with  the  inclination  of  the  ray  to  the  principal  axis  of  the  crystal. 
When  the  direction  of  the  ray  coincides  with  this  axis,  the  ratio 
is  one  of  equality,  and  the  ellipses  become  circles.  But  when 
the  ray  is  inclined  to  the  axis,  the  ratio  increases  indefinitely 
with  the  inclination.  "It  is  also  necessary  to  suppose  that  the 
axis  of  revolution  of  the  spheroid  (prolate  for  quartz)  in  which 
the  extraordinary  ray  is  supposed  to  diverge,  is  less  than  the 
radius  of  the  sphere  into  which  the  ordinary  wave  diverges." 

Hitherto  we  have  had  no  satisfactory  theory  of  the  cause  of 
the  unequal  velocities  with  which  the  two  rays  are  transmitted 
along  the  principal  axis  of  quartz.  We  conceive  that  it  must 
depend  either  on  some  peculiarity  in  the  molecules  themselves, 
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or  in  their  mode  of  arrangement.  "The  crystal,"  says  Fresnel, 
**  cannot  be  constituted  from  right  to  left  as  it  is  from  left  to  right, 
either  in  virtue  of  the  arrangement  of  its  particles,  or  of  their 
individual  constitution."  If  it  be  a  molecular  property,  it  must 
be  acquired  in  the  act  of  crystallization,  by  the  mutual  action  of 
the  molecules  on  each  other,  for  other  forms  of  siUca,  as  weW  as 
melted  quartz,  are  devoid  of  it.  An  helicoidal  arrangement  (right 
or  left-handed,  as  the  case  may  be)  of  the  molecules  furnishes  a 
physical  explanation  of  the  fact  above  referred  to.  It  has  been 
objected  to  this  hypothesis,  that  it  is  not  applicable  to  the  case 
of  circularly  polarizing  liquids.  But  as  the  circular  polarization 
of  quartz  is  dependent  on  direction,  while  that  of  liquids  is 
independent  of  it,  it  is  tolerably  clear  that  the  cause  must  be 
different  in  the  two  cases.  In  the  first,  it  may  depend  on  the 
arrangement  of  the^molecules;  in  the  second,  on  some  peculiarity 
in  the  molecules  themselves. 

If  two  plates  of  quartz,  cut  obliquely  to  the  principal  axis  of 
the  crystal  (fig.  49,  b  b,  bb),he  superposed  crosswise  and  examined 
in  the  polariscope,  they  present  a  series  of  parallel  coloured 
bands  or  stripes,  with  a  central  black  or  white  stripe.  When 
the  tourmaline  plates  are  crossed,  the  central  stripe  is  black, 
when  they  coincide,  it  is  white.  The  lateral  coloured  stripes  seen 
in  the  one  case,  are  complementary  to  those  seen  in  the  other. 

Amethyst  is  a  mixture  of  right  and  left-handed  quartz,  and 
will  be  hereafter  noticed  among  tesselated  crystals. 

5.  Circular  Polarization  by  Fluids.—  Some  liquids  possess 
the  remarkable  property  of  circularly  polarizing  light.  The  fol- 
lowing are  the  most  important : 

Volatile  oils  (those  of  mustard  and  bitter  almonds  excepted). 

Naphtha. 

Aqueous  solutions  of  several  kinds  of  sugar,  dextrine,  tartaric 

acid,  and  tartrates  (tartrate  of  alumina  excepted). 
Diabetic  urine. 
Albuminous  urine. 

Alcoholic  solutions  of  camphor  and  artificial  camphor. 
Most  vegetable  juices. 

Biot  found  that  vaporization  did  not  destroy  the  circular  pola- 
rization of  oil  of  turpentine. 

The  following  liquids  have  been  found  devoid  of  this  pro- 
perty : 

Water. 

Alcohol. 

Pyroxilic  spirit. 
Pyroacetic  spirit. 
Olive  oil. 
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Volatile  oil  of  mustard. 

~~  bitter  almonds. 

Claret  ("perhaps  a  trace  of  "^^^^^  )• 
Champagne. 

Citric  acid  (dissolved  in  water). 
Mannite  (ditto). 
Liquorice  sugar  (ditto). 
Glycerin. 

The  apparatus  necessary  for  observing  this  property  of  fluids 
consists  essentially  of  three  parts ;  viz.,  a  polarizer,  a  tube  to 
contain  the  fluid,  and  an  analyzer. 

The  polarizer  is  an  unsilvered  glass  mirror,  a  bundle  of  parallel 
glass  plates  or  a  Nichol's  prism.  Both  Biot  and  Professor 
I'owell  use  the  first,  while  Ventzke  employs  the  last.  A  plate  of 
glass,  blackened  at  the  posterior  surface,  answers  very  well 
Sometimes  a  second  mirror  (of  silvered  glass)  is  used  to  throw 
the  light  on  the  polarizing  plate. 

The  tube,  to  hold  the  liquid,  should  be  from  six  to  twenty-four 
inches  long.  In  general,  it  is  to  be  filled  with  the  fluid  under 
examination,  and  to  be  closed  at  each  end  by  a  flat  glass  plate. 
Professor  Powell,  however,  employs  a  common  test-tube,  open 
at  the  top,  and  havmg  the  usual  hemispherical  bottom.  In  some 
cases  It  IS  desirable  to  have  two  or  three  perforated  diaphragms 
ot  sheet  silver  or  platinum,  placed  at  intervals  in  the  tube  to 
exclude  the  light  reflected  from  the  sides  of  the  tube,  but  to 
admit  those  rays  which  traverse  the  axis  of  the  tube. 

The  analyzer  should  be  either  an  achromatic,  doubly  refracting 
prism,  or  a  Nichol's  prism.  Biot  uses  a  doubly  refracting 
prism  of  calc  spar,  made  of  a  rhombohedron  of  this  substance! 
rendered  achromatic  by  replacing  a  portion  of  the  crystal  by 
a  glass  prism.  Achromatic  quartz  prisms  are  objectionable,  since 
they  are  never  so  accurately  prepared  as  to  yield  two  images 
only  but  always  four  ;  of  which  two,  however,  are  very  faint. 
Ir'rotessor  Powell  employs  a  rhombohedron  of  calc  spar,  in  its 
natural  state,  as  his  analyzer,  and  a  lens  to  magnify  the  separa- 
tion of  the  images.  Ventzke  uses  a  Nichol's  prism  as  the  ana- 
lyzer. ^ 

The  amount  of  rotation  which  a  ray  of  light  suffers  during  its 
passage  through  the  liquid,  is  measured  by  an  index  attached  to  the 
analyzer,  and  moving  on  a  graduated  circular  metallic  plate.  Be- 
tore  the  tube  containing  the  liquid  is  introduced,  we  must  fix  the 
zero,  or  O^.  If  a  doubly  refracting  prism  be  the  analyzer,  the 
index  IS  made  to  point  to  zero,  or  0°,  when  the  ordinary  imao-e 
alone  is  seen.     If,  however,  a  Nichol's  prism  be  used  as  ana- 
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lyzer,  the  index  is  arranged  to  point  to  C  when  the  light  is 
excluded  ;  or,  in  other  words,  when  the  light,  transmitted  by  the 
polarizer,  is  extinguished  by  the  analyzer. 

Homogeneous  light  is  generally  employed  when  we  wish  to 
measure  the  arc  of  rotation  afFected  by  a  liquid  on  a  luminous 
ray.  Red  light  is  usually  selected,  because  this  is  the  only 
homogeneous  light  which  can  be  isolated  by  coloured  glass. 
We,  therefore,  place  a  plate  of  red  glass  between  the  eye  and 
the  analyzer.  .  . 

If,  when  the  index  points  to  zero  0**,  the  tube  contaming  a 
circularly  polarizing  liquid  be  introduced,  the  second  or  extra- 
ordinary image  immediately  becomes  evident,  if  the  doubly 
refracting  prism  be  used  as  analyzer.  By  turning  the  latter 
round  to  the  right  or  to  the  left,  as  the  case  may  be,  this  second 
image  disappears  (when  homogeneous  light  is  used),  and  the  arc 
traversed  by  the  index  from  the  zero  0°,  measures  the  angle  of 
deviation  of  the  ray.  If,  however,  a  Nichol's  prism  be  employed, 
it  no  longer  excludes  the  light  when  the  index  stands  at  0°,but 
requires  to  be  rotated  a  certain  number  of  degrees  to  do  so,  and 
the  arc  of  rotation  is  here  a  measure  of  the  rotative  power  of  the 
liquid.  , 

The  explanation  of  the  action  of  these  liquids  on  the  incident 
rectilinearly  polarized  light  is  similar  to  that  already  given  for 
the  axis  of  quartz  ;  with  the  exception,  that  in  the  case  of  quartz, 
the  circular  double  refraction  may  depend  on  the  arrangement 
of  the  molecules,  whereas  in  liquids  it  must  arise  from  some  pro- 
perty of  the  molecules  themselves. 

I  proceed  now  to  examine  some  of  the  liquids  which  posses* 
the  property  of  circular  polarization  : 

First,  with  regard  to  the  essential  or  volatile  oils.  Most  ot 
these  bodies  are  circular  polarizers :  indeed,  I  know  but  two 
exceptions  to  this  statement,  viz.  oil  of  mustard  and  oil  of  bitter 
almonds.  Some  turn  the  planes  of  polarization  to  the  right, 
others  to  the  left,  but  the  intensity  of  their  rotative  power  varies 
considerably,  as  the  following  table  shows ; 


CIRCULAR  POLARIZATION  OF  THE  VOLATILE  OILS. 


1.  Left-handed,  or  Lavogyrate. 

Arc  of  Potation  with  the  lied 
Rays  through  a  thickness  o/'20() 
Millimetres. 

Oil  of  Turpentine    59°  21' 

"     Mint    32-  28' 

"  Anise  

"  Rue   

Naphtha   •  21 
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2,  Right-handed,  or  Dextrogyrate 


Oil  of  Lemon   110°  53' 

"     Bergamot   38*>  16' 

Bigarade    157°  89' 

"     Citron    — 

"     Limette   — 

"     Neroli    — 

"     Fennel   26«  32' 

"     Caraway    131°  58' 

"     Lavender   4°  04' 

"     Rosemary   6°  58' 

"     Knotted  Marjorum   23°  68 ' 

"     Sassafras    7°  06' 

"     Savine    14°  12' 


This  table  is  a' very  instructive  one.  It  shows  that  isomerism 
lias  no  connection  with  circular  polarization,  for  of  three  iso- 
meric oils  (turpentine,  lemon,  and  bergamot)  mentioned  in  this 
table,  one  is  laevogyrate,  the  others  dextrogyrate.  We  see  also, 
that  oils  derived  from  plants  of  the  same  natural  family  (as  the 
oils  of  anise,  fennel,  and  caraway  from  the  umbellifercB,  and 
those  of  mint,  lavender,  and  rosemary  from  the  labiates)  differ  ia 
respect  of  their  circular  polarization.  In  some  cases,  perhaps, 
this  fact  might  be  available  to  the  Pharmaceutical  Chemist  in 
detecting  mixtures  of  one  oil  with  another,  as  the  adulteration 
of  oil  of  peppermint  with  oil  of  rosemary,  recently  mentioned 
by  Mr.  Herring,   (See  Pharmaceutical  Journal,  vol.  i.,  p.  263). 

Some  kinds  of  sugar,  when  dissolved  in  water,  yield  solutions 
which  have  in  a  greater  or  less  degree  the  property  of  rotating 
the  planes  of  polarization,  some  to  the  right,  others  to  the  left. 
Hence  polarized  light  may  be  sometimes  used  as  a  test  of  the 
presence  of  sugar,  and  the  degree  of  rotation  becomes  an  indica- 
tion of  the  quantity  and  even  quality  of  the  sugar  present.  Biot 
examined  by  this  t«st  a  specimen  of  sugar-cane  juice,  and 
found  that  it  indicated  the  presence  of  20  or  21  per  cent, 
of  sugar.  Peligot  subsequently  analyzed  it,  and  found  20.9  per 
cent,  of  sugar.  Biot,  therefore,  suggests  that  those  who  make, 
as  well  as  those  who  refine  sugar,  might  resort  to  this  test  as  a 
means  of  determining  the  amount  of  sugar  in  different  juices  or 
solutions.  To  the  colonist  it  would  prove  useful  by  pointing  out 
the  saccharine  strength  of  the  juice  at  the  mill,  and  to  the  sugar 
refiner  it  would  be  valuable  by  enabling  him  to  determine  the 
absolute  strength  of  raw  sugar. 

The  sugars  are  prepared  for  examination  by  dissolving  thera 
in  water,  and  decolorizing  the  solutions  when  necessary,  by 
filtering  them  through  purified  granulated  animal  charcoal. 

Several  sweet  or  saccharine  substances  do  not  indicate  any 
circular  polarization,  and  of  those  that  do,  some  indicate  right- 
handed,  others  left-handed  circular  polarization. 

H  2 
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3.  Incrystallizable  Sugar 
{Chulariose  of  Soubeiran) " 


1.  Cane  Sugar  Bight  handed. 

2.  Grape  Sugar  (^Glucose  of  Dumas)  ditto 

[  a.  Incrystallizable  Sugar  of  Honey  Left  handed. 

b.  Incrystallizable  Sugar,  obtained 
by  the  action  of  acids  on 
Cane  Sugar   ditto. 

c.  Incrystallizable  Sugar  of  the 
juices  of  Fruits  ditto 

d.  Incrystallizable  Sugar,  obtained 
by  the  alteration  of  Cane 
Sugar.  This  constitutes  the 
greater  part  of  Molasses  ditto. 

4.  Mannite   O 

5.  Glycerin   O 

6.  Liquorice  Sugar  O 

The  grape  sugar  referred  to  in  this  table  exists  ready  formed 
in  honey,  and  in  diabetic  urine.  It  is  deposited  when  the  acidulous 
juices  of  fruits  have  been  saturated  and  sufficiently  concentrated. 
Moreover,  it  is  produced  by  the  action  of  diastase  on  starch,  as 
well  as  when  syrup,  obtained  by  the  action  of  weak  acids  on 
starch  or  sugar,  is  abandoned  to  itself. 

The  following  table,  taken  from  a  memoir,  by  Biot,  shows  the 
extent  of  rotatory  power  possessed  by  different  sugars  : 


BOTATION  OBSERVED  WITH  BED  GLASS  THROUGH  A  SOLUTION  OF 
152  MILLIMETRES  IN  LENGTH. 

Proportion  of  Sugar 
in  one  of  the  solution.  Arc'oJ  Rotation 

Sugar  Candy  1.   Aqueous  solution  0.25    23"  28' 45* 

"  2.  "  0.50    51"  28' 45" 

«  3.  "  0.65    70^  ir  15" 

Cane  Sugar  syrup,  boiled,  and  rapidly  ?  q  344  1  e**  50'  33" 

cooled  3  ■ 

Sugar  of  Milk,  cryitallized  (aqueous  }  lO"  2 1'  40 " 

solution)  ) 

Starch  Sugar,  white  grains  (ditto)...    0.648    48<'  30'  0" 

Grape  Sugar  syrup   —    —  —  — 

in  white  grains  (aque-7  ^  ^^^g  _  

ous  solution)  )   *  ^ 

Crystallizable  principle  of  Honey  ...    0.34201...    16^  47' 30  ' 


Uncrystallizable  ditto   —    —  —  ~ 

Cane  sugar,  dissolved  in  water,  causes  n^/t/-handed  polari- 
zation.    A  aitrong  syrnp  made  with  refined  sugar  shows  the 
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colours  most  brilliantly.  When  this  kind  of  sugar  is  subjected  to 
heat,  especially  in  contact  with  acids,  it  loses  its  crystallizability, 
and  then  acquires  /e/V-handed  polarization.  In  the  manufacture 
of  barley-  sugar,  hard  bake,  &c.,  the  makers  of  these  kinds  of  hard 
confectionary  use  a  little  cream  of  tartar  to  destroy  the  crystal- 
lizability of  sugar.  Soubeiran  found  that  a  syrup  of  cane-sugar 
heated  by  a  salt-water  bath,  the  air  being  excluded,  underwent 
a  series  of  remarkable  changes  in  respect  of  its  rotative  power. 

Arc  of  Rotation  for  mean  Yellow  Ray 
^             .                                  for  a  length  of  100  Millimetres. 
byrup,  primitive   ^71 

"     After  twenty  hours    O 

"     After  twenty-five  hours    —11 

"     After  sixty -four  hours    O 

"     After  seventy-two  hours    5 

Here  then  it  appears,  that  cane-sugar.^r^^ gradually  lost  its 
rotative  power  0°,  and  then  became  In  this  latter  state 

it  was  probably  incrystallizable  sugar.  But  this  in  its  turn  lost 
its  rotative  power  0°,  and  became^^^.  The  precise  nature  of 
the  latter  kind  of  sugar  is  not  known. 

In  sugar-refining  the  object  is  never  to  let  the  syrup  get 
beyond  tl  e  first  zero;  that  is,  not  to  convert  crystallizable  unto 
uncrystallizable  sugar.  Raw  sugar  contains,  however,  both 
crystallizable  and  uncrystallizable  sugar :  the  latter  alone  should 
constitute  treacle.  But,  from  Soubeiran's  optical  examination, 
it  appears  that  treacle  contains  a  portion  of  crystallizable  sugar. 

The  optical  characters  of  sugar  have  been  made  use  of  to  detect 
fraud  in  Pharmacy.  In  1842,  more  than  a  ton  of  a  substance 
purporting  to  be  manna  was  offered  for  sale  in  Paris  at  less  than 
fivepence  per  pound,  the  excuse  given  for  the  unusually  low 
price  was,  that  cash  was  immediately  required.  Suspicion  was 
raised,  and  the  substance  was  submitted  to  careful  examination, 
ihe  result  of  which  was  the  establishment  of  the  fact,  that  it 
was  not  manna,  but  potato-sugar.  Its  aspect,  taste,  ferment- 
ibility  (mannite  not  being  fermentible),  and  the  presence  of 
sulphate  of  lime  proved  this.  Biot  submitted  it  to  a  very  care- 
ful optical  examination,  and  found  its  characters  to  be  those  of 
a  starch-sugar.  Manna  contains  two  kinds  of  saccharine 
matter,  one  called  mannite,  and  the  other  a  fermentable  sugar. 
Now  mannite,  when  pure,  has  no  rotative  power  on  polarized 
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light,  but  commercial  manna  has  a  slight  effect,  owing  to  the 
presence  of  a  small  quantity  of  fermentable  sugar.  This  ficti- 
tious substance,  however,  had  the  same  effect  on  plane  polarized 
light,  as  sugar  prepared  by  the  action  of  acids  on  starch,  when 
the  action  is  arrested  at  the  first  phase  of  its  transformation. 

Vinous  fermentation  has  been  studied  by  the  aid  of  polarized 
light.  Take  a  solution  of  cane-sugar  which  has  right-handed 
circular  polarization.  As  soon  as  it  begins  to  ferment  it  loses 
this  property,  but  acquires  left-handed  polarization. 

Polarized  light  has  been  prepared  and  used  as  a  test  of  the 
presence  of  sugar  in  urine.  To  render  diabetic  urine  available 
for  this  purpose,  it  must  be  decolorized  by  agitation  with  fresh 
prepared  granulated  animal  charcoal,  and  subsequent  filtration. 
The  process  is  troublesome,  tedious,  and  can  only  prove  successful 
in  the  hands  of  persons  familiar  with  the  phenomena  of  polarized 
light.  With  all  due  deference  to  Biot,  I  do  not  think  it  will 
ever  prove  of  much  value  in  practical  medicine.  We  have  other, 
simpler,  less  laborious,  and  cheaper  methods  of  detecting  sugar 
in  urine  than  the  one  now  referred  to.  Moreover,  it  should  be 
remembered,  that  albuminous  urine  possesses  the  property  of 
circular  polarization. 

The  substance  called  dextrine  is  starch-gum,  and  is  soluble  in 
water.  It  is  usually  prepared  from  potato-starch,  either  by 
torrefaction  or  by  the  action  of  a  small  quantity  of  nitric  acid. 
A  solution  of  it  possesses  the  property  of  right-handed  circular 
polarization,  hence  the  name  dextrine  applied  to  it  by  Payen 
and  Persoz. 

Properties  of  circularly  polarized  Light. — Common,  recti- 
linearly  polarized,  and  circularly  polarized,  lights  are  undistin- 
guishable  by  the  eye.  All  three  may  be  coloured  or  white.  The 
properties  which  distinguish  the  latter  from  the  two  former  are  as 
follows : 

1.  A  ray  of  circularly  polarized  light  is  capable  of  reflection 
by  a  reflecting  plane,  as  of  glass,  in  every  azimuth  of  the  plane 
of  reflection.  For  the  circular  vibrations  of  the  ethereal  mole- 
cules may  be  resolved  into  two  equal  rectilinear  vibrations,  one 
parallel,  the  other  perpendicular,  to  any  arbitrary  plane. 

By  this  property,  therefore,  circularly  polarized  light  differs 
from  rectilinearly  polarized  light,  but  agrees  with  unpolarized  light. 

2.  A  ray  of  circularly  polarized  light  is  capable  of  transmis- 
sion through  a  plate  of  tourmaline  (cut  parallel  to  the  axis  of 
the  crystal),  in  every  azimuth  of  the  axis  of  the  crystal.  For  in 
this  case  also,  the  circular  vibrations  of  the  incident  ray  may  be 
resolved  into  two  equal  rectilinearly  vibrations,  one  parallel,  the 
other  perpendicular,  to  any  azimuth.  One  of  these  vibrations  is 
transmitted  by  the  tourmaline,  the  other  is  suppressed. 
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In  this  property  also  circularly  polarized  light  agrees  with 
common  or  unpolarized  light,  but  differs  from  rectilinearly  pola- 
rized light. 

3.  Analyzed  by  a  doubly  refracting  prism  of  Iceland  spar,  a 
ray  of  circularly  polarized  light  gives  constantly  two  equal  images, 
in  whatever  plane  the  principal  section  of  the  prism  be  placed. 
For,  as  I  have  already  stated,  a  ray  of  circularly  polarized  light 
is  the  resultant  of  two  rays  placed  at  right  angles  and  differing 
in  their  phase  by  a  quarter  undulation ;  and,  therefore,  it  must 
give  equal  images  by  the  doubly  refracting  prism,  in  the  same 
way  that  common  or  unpolarized  light  does,  for  the  diiference  of 
phases  has  nothing  to  do  with  this  character. 

In  this  respect  circularly  polarized  light  agrees  with  common 
or  unpolarized  light ;  but  isdistinguished  from  rectilinearly  (plane) 
polarized  light,  which  in  certain  positions  (before  specified)  yields 
one  image  only. 

4.  By  tvs'o  total  internal  reflections  in  the  interior  of  glass,  at 
an  angle  of  about  54-1"^,  circularly  polarized  light  is  converted 
into  rectilinearly  polarized  light.  Thus  if  light  circularly  polar- 
ized be  incident  on  Fresnel's  rhomb,  it  emerges  rectilinearly 
polarized,  and  the  position  of  the  plane  of  polarization  at  emerg- 
ence makes  au  angle  of  +45^  or  — 45°,  with  the  plane  of  reflection 
according  as  the  incident  light  was  right-handed  or  left-handed. 
This  experiment  may  be  readily  understood  from  the  explanation 
already  given  of  the  action  of  Fresnel's  rhomb  in  converting 
rectilinearly  polarized  light  into  circularly  polarized  light  (fig.  46, 
p.  88).  In  fact,  the  two  experiments  are  the  converse  of  each 
other;  the  light  called  incident  in  the  one  case,  being  termed 
emergent  in  the  other,  and  vice  versd. 

In  this  character,  circularly  polarized  light  differs  equally 
from  both  unpolarized  and  rectilinearly  polarized  lights.  For 
by  two  reflections  of  this  kind,  common  light  suffers  no  obvious 
change  ;  while  rectilinearly  polarized  light,  under  the  same  cir- 
cumstances, is  converted  into  circularly  polarized  light,  provided 
that  the  plane  of  reflection  be  at  an  azimuth  of  45°  to  that  of 
primitive  polarization. 

5.  If  a  ray  of  circularly  polarized  light  be  transmitted  through 
a  thin  film  of  a  doubly  refracting  crystal,  and  the  emergent  light 
be  analyzed  by  a  doubly  refracting  prism,  two  rays  of  comple- 
mentary colours  are  produced. 

In  this  character,  circularly  polarized  light  is  decidedly  dif- 
ferent to  common  or  unpolarized  light,  which  when  submitted  to 
the  same  examination  presents  no  colour.  Rectilinearly  polarized 
light,  however,  agrees  with  the  circular  light  in  producing  com- 
plementary tints ;  but  they  are  not  the  same  in  the  two  cases ; 
those'  produced  by  circular  light  differing  from  those  of  rectilinear 
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light  by  an  exact  quarter  of  a  tint,  either  in  excess  or  defect,  as 
the  case  may  be. 

To  illustrate  these  facts,  place  a  film  of  selenite,  of  uniform 
thickness,  in  the  polariscope,  and  observe  the  tint  which  it  yields 
by  rectilinearly  polarized  light.  Then  interpose,  between  the 
polarizing  plate  and  the  selenite  film,  a  circularly  polarizing  appa- 
ratus (as  Airy's  mica  plate,  or  Fresnel's  rhomb),  and  the  tint 
seen  by  the  analyzer  immediately  changes. 

If  a  plate  of  calcareous  spar,  cut  to  show  the  circular  rings 
and  cross  by  rectilinearly  polarized  light,  be  placed  in  the  po- 
lariscope, and  circularly  polarized  light  be  used,  we  observe  a 
system  of  rings  and  a  cross  (fig,  53),  but  which  are  very  different 
to  those  seen  by  rectilinearly  polarized  light. 

"  The  rings  are  divided  mto  quadrants  by  the 

cross,  every  other  quadrant  being  sinnilar,  while 
the  adjacent  ones  are  dissimilar.  The  rings 
appear  to  be  abruptly  and  absolutely  dislocated, 
those  in  the  two  alternate  quadrants  being 
pushed  outwards  or  from  the  centre,  by  J  of  an 
order,  and  those  of  the  intermediate  quadrants 
being  as  it  were  pulled  inwards  by  ^  of  an 
Spar  produced  by  cir-^^^^^-  Instead  of  a  black  cross,  we  have  a 
cuiariy poiarixedjight.\\irn'mous  One,  the  intensity  of  its  light  being 
uniform,  and  about  equal  to  the  mean  intensity.  If  the  plane 
of  incidence  pass  througji  135"  and  315°,  the  phenomena  of 
adjacent  quadrants  are  exactly  interchanged.  But  the  most 
important  difference  produced  by  circularly  polarized  light,  is,  that 
no  alteration  is  made  by  turning  the  analyzing  plate  round  the 
incident  ray. 

If  a  plate  of  a  biaxial  crystal,  as  of  nitre,  be  examined  by 
circularly  polarized  light,  we  observe  the  double  system  of  rings, 
but  the  black  cross  disappears.  Every  alternate  semicircle  of 
rings  presents  the  appearance  of  dislocation. 

The  origin  of  the  tints  produced  by  circularly  polarized  light, 
have  been  so  clearly  and  concisely  explained  by  Sir  John  Herschel, 
that  I  cannot  do  better  than  use  his  words  : 

"  When,"  says  tins  eminent  philosopher,  "  a  ray  propagated  by  circular 
vibrations  is  incident  on  a  crystallized  lamina,  it  may  be  regarded  as  composed 
of  two  ;  one  polarized  in  the  plane  of  the  principal  section,  the  other  at  right 
angles  to  it,  of  equal  intensity,  and  differing  in  phase  by  a  quarter  midula- 
tion.  Each  of  these  will  be  transmitted  mialtered  ;  and,  therefore,  at  their 
emergence,  and  subsequent  analysis,  will  comport  themselves  in  respect  of 
their  interferences,  just  as  would  do  the  two  portions  of  a  ray  primitively 
polarized  in  azimuth  45°,  and  divided  into  two  by  the  double  refraction  of 
the  lamina ;  provided  that  a  quarter  undulation  be  added  to  the  phase  of  one 
of  these  latter  rays.  Now,  such  rays  will  produce,  by  the  interference  of 
their  doubly  refracted  positions,  the  ordinary  and  extraordinary  tints  due  to 
the  interval  of  retardation  withm  the  crystallized  lamina.   Hence,  in  the 
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present  case,  the  tints  produced  will  be  those  due  to  that  interval,  plus  or 
minus  the  quarter  of  an  undulation  added  to,  or  subtracted  from,  the  phase 
of  one  of  the  portions ;  and,  consequently,  will  differ  one-fourth  of  a  tint 
in  order  from  that  which  would  arise  from  the  use  of  a  beam  of  ordinary 
polarized  hght,  incident  in  azimuth  45°  in  the  lamina," 

f  6.  If  a  ray  of  circularly-polarized  light  be  transmitted  through 
a  column  of  syrup  or  oil  of  turpentine,  lemon,  &c.,  and  then 
analyzed,  either  by  a  Nighol's  prism,  or  a  doubly-refracting 
prism,  no  colour  is  produced.  For  the  circular  wave  is  propa- 
gated along  the  liquid  without  suffering  subdivision,  and,  there- 
fore, at  its  emergence,  no  colour  can  be  produced  by  the  analyzer. 

In  this  character  circularly-polarized  light  agrees  with  common 
or  unpolarized  light ;  but  differs  from  plane  polarized  light. 

7.  *'  Circularly-polarized  light,"  says  Fresnel,  "  differs  from 
plane  polarized  light  in  not  sensibly  developing  colours  in  plates 
of  quartz  perpendicular  to  the  axis."  According  to  the  wave 
hypothesis  this  ought  to  be  the  case ;  for  "  a  ray  propagated  by 
circular  vibrations,  when  incident  on  rock  crystal  in  the  direction 
of  the  axis,  will  (by  hypothesis)  be  propagated  along  it  by  that 
elasticity  which  is  due  to  the  direction  of  its  rotation,  the  wave 
then  will  enter  the  crystal  without  further  subdivision,  and  there 
will  be  no  difference  of  paths  or  interfering  rays  at  its  emergence  ; 
and,  of  course,  no  colours  produced  on  analyzing  by  double 
refraction." 

I  confess,  however,  I  have  not  been  able  precisely  to  verify 
this  statement,  though,  I  doubt  not,  my  failure  has  arisen  from 
some  defect  in  the  apparatus  used  to  produce  circular  polariza- 
tion. I  have  always  found  a  very  feeble  tint  of  colour  in  the 
axis.  As  Mr.  Airy  has  very  accurately  described  the  phenomena 
which  I  myself  have  repeatedly  seen,  I  prefer  quoting  his  words  : 

Fio.  54.  "  If  circularly-polarized  light  pass  through 

the  quartz,  on  applying  the  analyzing  plate,  in- 
stead of  rings,  there  are  seen  two  spirals  mu- 
tually enwrapping  each  other  [as  in  fig.  54.].  If 
the  [Fresnel*  s]  rhomb  be  placed  in  position 
135°,  the  figure  is  turned  through  a  quadrant. 
If  the  quartz  be  left-handed,  the  spirals  are 
turned  in  the  opposite  direction.  The  central 
tint  appears  to  be  white.  With  the  rhomb 
which  I  have  commonly  used  (which  is  of  plate- 
glass,  but  with  the  angles  given  by  Fresnel  for 
crown-glass),  there  is  at  the  centre  an  extremely 
dilute  tint  of  pink  :  I  think  it  hkely  that  this 
arises  from  the  error  in  the  angles,  as  the  in- 
tensity of  the  colour  bears  no  proportion  to  that 
in  other  parts  of  the  spiral." 

If  a  plate  of  right-handed  quartz  be  superposed  on  a  plate  of 
left-handed  quartz  of  equal  thickness,  and  examined  by  circu- 
larly-polarized light,  the  left-handed  slice  being  nearer  to  the 
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polarizing  plate,  we  observe,  by  means  of  the  analyzer,  four 
spirals  (proceeding  from  a  black  cross  in  the  centre)  which  cut  a 
series  of  circles  at  every  quadrant.  At  some  distance  from  the 
centre  the  black  brushes  are  seen.  If  the  right-handed  slice  be 
nearer  the  polarizing  plate,  the  spirals  are  turned  in  the  opposite 
directions. 

8.  Mr. Earnshaw inferred, theoretically, from  Fresuel's formulae, 
that  if  right-handed  circularly-polarized  light  be  incident  nearly 
perpendicularly  upon  a  plane  surface  of  glass,  the  reflected  light 
will  be  left-handed  circularly-polarized,  and  vice  versa.  The 
Rev.  Professor  Powell  has  subsequently  verified  experimentally 
Mr.  Earnshaw's  theoretical  deduction. 

Airy's  analyzer  for  Circularly -Polarized  Light. —  I  have 
already  stated  and  described  twokinds  of  circularly-polarized  light; 
theonecalled  right-handed,  the  otherleft-handed.  Todistinguish 
them,  Mr.  Airy  contrived  an  analyzer  which  suppresses  one  and 
transmits  the  other.  "  It  is  well  known,"  he  observes,  "  that  if 
circularly-polarized  light  is  incident  on  Fresnel's  rhomb,  it 
emerges  plane-polarized,  and  the  position  of  the  plane  of  polari- 
zation at  emergence  makes  an  angle  of  +45°,  or  — 45°  with  the 
plane  of  reflection,  according  as  the  incident  light  was  right- 
handed  or  left-handed.  Let  the  light  emerging  from  the  rhomb 
be  received  on  an  unsilvered  glass  at  the  polarizing  angle,  whose 
plane  of  reflection  makes  the  angle  +45^^  with  that  of  the  rhomb. 
Now  it  is  plain  that  if  the  light  incident  on  the  rhomb  was  right- 
handed,  it  becomes  plane-polarized  in  the  plane  of  reflection  of 
the  glass,  and,  therefore,  is  wholly  reflected ;  if  it  was  left- 
handed,  it  becomes  plane-polarized  in  the  plane  perpendicular  to 
the  plane  of  reflection  of  the  glass,  and,  therefore,  is  wholly 
suppressed."  It  is  then  obvious,  that  this  combination  of  Fres- 
nel's rhomb  and  on  unsilvered  glass  at  +45°,  or  — 45^*,  would 
form  an  analyzer  for  circularly-polarized  light.  But  as  Fresnel's 
rhomb  is  inconvenient,  on  account  of  its  length,  Mr,  Airy  has 
substituted  "  a  plate  of  mica  of  such  a  thickness  that  the  ray 
polarized  in  the  plane  of  one  of  its  principal  sections  is  retarded 
either  ^th,  f  ths,  or  -fths  of  a  wave  (^according  to  the  convenience 
of  splitting)  more  than  that  polarized  in  the  plane  of  the  other. 
The  mica  being  attached  to  the  unsilvered  glass,  so  that  its 
principal  section  makes  an  angle  of  45**  with  the  plane  of  reflec- 
tion, an  analyzer  is  produced,  which  answers  the  same  purposes, 
in  general,  as  that  described  above." 

6.  ON  ELLIPTICAL  POLARIZATION. 

Time  will  permit  to  say  a  few  words  only  respecting  ellip- 
tically  polarized  light. 


ELLIPTICAL  POLAKIZATION. 


107 


If  two  systems  of  waves  of  equal  intensity,  polarized  rectan- 
gularly to  each  other,  differ  in  their  progress  a  fractional  number 
of  I  undulation,  the  vibratory  movements  of  the  ethereal 
molecules  will  be  neither  rectilinear  nor  circular,  but  elliptical. 
The  waves  formed  by  such  vibrations  will  be  elliptical,  and  may 
be  compared  to  an  elliptical  helix  (that  is,  to  a  helix  traced 
round  an  elliptical  cylinder),  right-handed  or  left-handed,  as  the 
case  may  be. 

Powell's  machine  gives  a  very  good  idea  of  elliptical  vibrations 
and  elliptical  waves. 

The  manner  in  which  two  rectangularly  polarized  waves 
interfere  and  produce  elliptical  waves,  is  shown  by  Wheatstone's 
apparatus. 

There  are  several  modes  of  effecting  the  elliptical  polarization 
of  light.  If  in  the  experiments  with  Fresnel's  rhomb  (see  Cir- 
cular  Polarization)  the  planes  of  polarization  and  incidence  be 
at  any  other  angle  than  45°  the  emergent  ray  will  be  elliptically 
polarized. 

Airy's  mode  of  producing  circular  polarization  may  be  used 
to  obtain  elliptical  light ;  but  the  mica  plate,  through  which  the 
ray  is  perpendicularly  transmitted,  must  be  placed  at  an  azimuth 
between  that  which  yields  circularly  polarized,  and  that  which 
admits  plane  polarized  light. 

Compressed,  or  unannealed  glass,  also  yields  elliptically  po- 
larized light,  under  conditions  which  I  have  explained  when 
describing  Dove's  method  of  circular  polarization. 

Quartz  also  produces  elliptical  polarization  when  the  direction 
of  the  incident  ray  is  inclined  to  the  axis. 

By  reflection  from  metallic  surfaces  light  becomes  elliptically 
polarized.  The  elliptical  light  reflected  from  silver  is  nearly 
circular,  while  that  from  galena  is  almost  plane  :  that  is,  the 
ellipsis  in  the  one  case  is  nearly  a  circle,  in  the  other  nearly  a 
straight  line. 

Elliptically  polarized  light  is  not  distinguishable,  by  the  eye, 
from  other  kinds  of  light.  If  it  be  analyzed  by  a  Nichol's 
prism,  an  unsilvered  glass  mirror,  or  a  plate  of  tourmaline,  it 
never  vanishes  during  the  revolution  of  the  analyzer.  By  this  it 
may  be  known  from  rectilinearly  polarized  light.  But  at  dif- 
ferent azimuths  of  the  analyzer  the  intensity  of  the  light  varies; 
and  by  this  it  may  be  known  from  both  unpolarized  and  circu- 
larly polarized  light.  If  it  be  analyzed  by  a  rhombohedron  of 
calc  spar,  it  gives  two  images  in  all  positions  of  the  analyzer. 
In  this  respect  it  differs  from  plane  polarized  light.  But  one  of 
the  images  exhibits  a  defalcation  of  light,  showing  that  the 
incident  light  is  not  common  or  unpolarized.  If  elliptically 
polarized  light  be  transmitted  through  an  uniaxial  crystal  (as 
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Iceland  spar)  cut  perpendicularly  to  its  axis,  and  the  emerg^ent 
light  be  afterwards  analyzed,  it  presents  a  system  of  rings  and 
cross  different  to  those  obtained  from  either  plane  or  circularly 
polarized  light. 

The  preceding  are  some  only  of  the  peculiarities  which 
distinguish  this  from  other  kinds  of  light;  and  in  conclusion,  I 
may  observe,  that  elliptical  polarization  forms  a  connecting  link 
between  plane  and  circular  polarization. 

5.   MACLES  AND  COMPOUND  CRYSTALS. 

I  have  now  arrived  at  the  last  part  of  my  subject,  viz.,  the 
consideration  of  the  optical  properties  of  those  remarkable  crys- 
talline structures  commonly  known  by  the  name  of  macles,  a 
term  introduced  into  mineralogy  by  Rome  de  Lisle.  Sometimes 
these  structures  appear  to  consist  of  one  crystal,  whose  parts  are 
transposed,  dislocated,  or  displaced.  When  one-half  of  the 
crystal  appears  to  have  been  turned  partly  round  on  an  imaginary 
axis,  passing  through  the  centreof  the  crystal,  and  perpendicularly 
to  the  plane  of  section,  and  to  have  been  united  to  the  other 
half  in  this  position,  the  body  thus  produced  has  been  called  the 
hemitrope  (from  r]HL  half  and  TpeVo)  /  turn).  Of  this  arrow- 
headed  selenite  is  a  familiar  example.  Sometimes  two  or  more 
crystals  are  found  intersecting  each  other,  and  are  then  called 
intersecting  crystals.  When  two  crystals  are  joined,  they  form 
the  structure  called  a  twin  or  double  crystal. 

Many  or  most  of  the  forms  I  have  now  referred  to  are  irregu- 
lar, and  might  appear  to  be  accidental.  But  there  are  some 
others  which  have  great  regularity,  and  cannot  be  ascribed  to 
accident.  Such  are  some  specimens  of  apophyllite  and  sulphate 
of  potash.  They  constitute  what  Dr.  Brewster  has  termed 
tesselated  or  composite  crystals;  the  real  structure  of  many  of 
which  is  only  discoverable  by  the  aid  of  polarized  light;  they 
consist  of  several  crystals,  or  portions  of  crystals,  juxtaposed,  or 
united  so  as  to  form  a  compound  crystal,  the  figure  of  which  is 
very  different  from  that  of  the  crystals  composing  it. 

Macled  crystals  of  nitre  and  arragonite  are  very  common,  and 
frequently  their  precise  structure  is  undiscov^rable  by  the  naked 
eye. 

In  quartz  we  often  find  right  and  left-handed  crystals  inter- 
secting each  other. 

Amethyst  (by  many  mineralogists  considered  to  be  a  variety 
of  quartz),  is  a  remarkable  example  of  a  combination  of  right 
and  left-handed  varieties  of  quartz.  If  a  plate  of  amethyst,  cut 
perpendicularly  to  the  principal  axis  of  the  crystal,  be  examined 
by  the  polariscope,  it  presents  a  striped  or  fringed  appearance, 
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variegated  with  the  most  gorgeous  and  brilliant  tints.  This  is 
owing  to  its  being  composed  of  alternate  minute  strata  of  right 
and  left-handed  quartz,  whose  planes  of  polarization  are  parallel 
to  the  principal  axis  of  the  prism. 

Topaz  sometimes  presents  a  remarkably  composite  structure. 
It  belongs  to  the  right  rhombic  system,  and  presents,  when  re- 
gularly formed,  two  systems  of  rings.  Cut  at  right  angles  to 
the  axis  it  often  presents  a  central  rhomb,  "  surrounded  by 
a  border  in  which  the  optic  meridians  of  the  alternate  sides  are 
inclined  at  a  quarter  of  a  right  angle  to  that  of  the  central  com- 
partment, and  half  of  a  right  angle  to  each  other.  In  conse- 
quence, when  such  a  rhombic  plate  is  held  with  its  long  diago- 
nal in  the  plane  of  primitive  polarization,  two  opposite  sides  of 
the  border  appear  bright,  the  other  two  black,  and  the  central 
compartment  of  intermediate  brightness.  Such  specimens  often 
present  the  phenomena  of  dichroism  in  the  central  compartment, 
while  the  border  is  colourless  in  all  positions*." 

Sulphate  of  potash  is  composed  of  six  crystals  belonging  to  the 
right  prismatic  system,  joined  so  as  to  form  a  single  or  double 
six-sided  pyramid,  and  simulating  the  crystals  of  the  rhombo- 
hedric  system.  When,  therefore,  we  put  a  slice  of  it,  cut  at  right 
angles,  to  the  axis  of  the  pyramid,  in  the  polariscope,  we  observe 
not  a  circular  cross  and  rings,  but  a  tesselated  structure. 

One  variety  of  apophyllite,  called  tesselite,  presents  a  remark- 
able structure  of  the  same  kind ;  but  its  phenomena  are  still 
more  extraordinary.  Apophyllite  is  composed  principally  of 
silicate  of  lime,  with  a  little  silicate  of  potash.  It  crystallizes  in 
right  square  prisms.  Plates  cut  transversely  to  the  axis,  and 
examined  by  polarized  light,  appear  to  consist  of  nine  crystals 
contained  within  a  number  of  parallel  veins  or  plates.  The  cen- 
tral crystal  has  only  one  axis  of  no  double  refraction,  the  others 
two.    (See  p.  68). 

Analcime  or  Cubizite  is  another  remarkable  crystal.  It 
consists  principally  of  silicate  of  alumina  with  silicate  of  soda. 
It  crystallizes  in  the  form  of  the  cube,  or  some  form  allied  to 
this,  as  the  icosatetrahedron.  Instead  of  being  without  double 
refraction,  as  cubical  crystals  usually  are,  it  presents  a  number 
of  planes  of  no  double  refraction.  It  is,  therefore,  a  compound 
crystal,  that  is,  is  composed  of  a  number  of  crystalline  parts 
disposed  symmetrically.    (See  p.  66). 

And  here  also  may  be  noticed  what  has  been  called  mferrM/»^ec? 
Iceland  spar.  Some  specimens  of  Iceland  spar  give  four  or 
even  more  images,  which  sometimes  exhibit  complementary  tints. 
They  owe  this  property  to  the  presence  of  one  or  more  intersecting 
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or  interrupting  films  or  strata  of  the  same  substance,  placed  per- 
pendicularly to  the  short  diagonal  of  the  faces  of  the  crystal. 
This  film  acts  like  the  depolarizing  plate  in  the  polariscope,  while 
the  two  portions  of  the  crystal  between  which  it  is  placed,  act, 
the  one  as  the  polarizer,  the  other  as  the  analyzer  of  the  polari- 
scope. Crystals  like  these,  which  thus  exhibit  their  colours  and 
rings  per  se,  that  is  without  the  polariscope,  have  been  called  by 
Sir  John  Herschel,  idiocyclophanous  (from  'Lbios  proper,  kvkKos 
a  circle,  and  (^aiva  I  appear).  Similar  phenomena  are  sometimes 
exhibited  by  crystals  of  nitre,  and  still  more  frequently  by 
bicarbonate  of  potash. 


Conclusion. — The  lateness  of  the  hour  compels  me  to  avoid 
any  lengthened  peroration.  I  shall,  therefore,  content  myself 
with  thanking  my  auditors  for  the  great  attention  which  they 
have  manifested  during  the  entire  course. 


THE  END. 


C.  VHITING,  BEAUFORT  HOUSE,  STRAND. 


October  Z,  1843. 
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"      Natural  System  of  Botany  ib. 

"       Flora  Medica  -      -      -  16 

"       School  Botany        -      -  ib. 

"       Synopsis  of  British  Flora  ib. 

Loudon's  Hortus  Britannicus       -  17 
"         **    Lignosis  Londinensis  ib, 
"       Encyclopsedia  of  Trees 

and  Shrubs  -      -  16 

*'           "             Gardening  ib. 

"           "             Plants     -  17 
"       Suburban  Garden  and 

Villa  Companion        -  ib* 
"       Cemeteries  and  Church- 
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Repton's  Landscape  Gardening  and 

Landscape  Architecture     -      -  24 
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Roberts  On  the  Vine     -      -      -  ib. 

Rogers's  Vegetable  Cultivator      -  26 
Smith's  Introduction  to  Botany 
**      English  Flora  - 


ib. 


CHRONOLOGY. 

Blair's  Chronological  Tables       -  i 

Nicolas's  Chronology  of  History  -  22 

Riddle's  Ecclesiastical  Chronology  25 

Tate's  Horatius  Restitutus           -  29 

Wathen's  Chronology  of  Anc.  Egypt  32 

COMIVIERCE  AND  MERCAN- 
TILE AFFAIRS. 
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M'Culloch's  Dictionary  of  Com- 
merce and  Commer.  Navigation  -  20 
Steel's  Shipmaster's  Assistant      -  28 

GEOGRAPHY  X  ATLASES. 

Butler's  Sketch  of  Ancient  and 

Modern  Geography      -  6 
'*      Atlas  of  Modern  Geography  ib 
"                Ancient  do.  -      -  ib. 
Hall's  New  General  Atlas     -      -  10 
M'CuUoch's  Dictionary,  Geogra- 
phical, Statistical,  and  Historical  20 
Malte-Bvun's  Geography      -      -  18 
Maunder's  Treasury  of  Geography 

and  History        -       -       -      -  20 

Murray's  Encyclop.  of  Geography  -  22 

Walker's  British  Atlas  -      -      -  31 

HISTORY, 

Addison's  History  of  the  Knights 

Templars    -       -      -  3 

Bell's  History  of  Russia  -  -  4 
Bloomfield's  Translation  of  Thu- 

cydides  -  -  -  -  -  ib. 
Cooley's  History  of  Maritime  and 

Inland  Discovery              -       -  7 

Crowe's  History  of  France  -  -  ib. 
Dunham's  History  of  Spain  and 

Portugal     -      -       -  8 
"         History  of  Europe  dur- 

ingthe  Middle  Ages  -  ib. 
"         History  of  the  German 

Empire       -       -      -  ib. 
"         History  of  Denmark, 

Sweden,  and  Norway-  ib. 

"  History  of  Poland  -  ib. 
Fergus's  History  of  United  States 

of  America  -      -       -       -      -  9 

Grattan's  History  of  Netherlands  -  10 

Halsted's  Life  of  Richard  III.       -  U 

Keightley's  Outlines  of  History    -  14 

"         History  of  England    -  ib. 

Elementary  do.  -       -  ib. 

**         History  of  Greece      -  ib. 

"        Elementary  do.  -      -  ib. 

*'         History  of  Rome        -  ib. 

"         Elementary  do.  -      -  ib. 

"  Hist,  of  Roman  Empire  ib. 
"         Questions  on  the  above 

Histories,  separate     -      -      -  ib. 

■Laing's  KinM  of  Norway  -  -  15 
M'CuUoch's  Dictionary,  Historical, 

Geographical,  and  Statistical     -  20 

Mackintosh's  History  of  England  -  18 
Maunder's  Treasury  of  History  and 

Geography  -----  20 

Moore's  History  of  Ireland     -      -  21 

Rome,  History  of  -  -  -  -  25 
Russell's  Correspondence  of  the 

Fourth  Duke  of  Bedford     -      *  4 

Scott's  History  of  Scotland  -  -  26 
Sismondi's  History  of  the  Fail  of 

Roman  Empire       -  27 
"         History  of  the  Italian 

Republics  -----  26 
Stebbing's  History  of  the  Christian 

Church      -      -       -  28 

'*        History  of  Reformation  ib. 

Switzerland,  History  of  -      -      -  29 

Thirlwall's  History  of  Greece       -  ib. 

Turner's  History  of  England       -  31 

JUVENILE  BOOKS, 

INCLUDING  MRS.  MARCET'S  WORKS. 

Boy's  (the)  Country  Book      -      -  13 
"         Own  Book    -       -       -  5 
Ladies*  (the  Young)  Book    -      -  32 


ANALYTICAL  INDEX  TO  CATALOGUK  OF  NEW  WORKS. 
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Marcet'B  Conversations  — 

On  the  History  of  England     -  18 

On  Chemistry  -      -       -      -  ib. 

On  Natural  Philosophy   -      -  ib. 

On  Political  Economy    -      -  10 

On  Vegetable  Physiology       -  ib. 

For  Children    -      -      -      -  ib. 

"     The  Game  of  Grammar      -  ib. 

"  Mary's  Grammar  -  -  -  ib. 
"     John  Hopkins's  Notions  of 

Political  Economy    -      -  ib. 

"  Willy's  Holidays  -  -  -  ib. 
"         "     Stories    for  Young 

Children      -      -  ib. 

"     The  Seasons  -      -      -      -  ib. 

Mairyat's  Masterman  Ready  -      -  ib. 

MEDICINE. 

Bull's  Hints  to  Mothers  -      -  -  5 

"    Management  of  Children  -  ib. 

Copland's  Dictionary  of  Medicine  -  7 

Elliotson'6  Human  rhysiology  -  8 

Fxankum  On  Enlarged  Abdomen  -  9 

Holland's  Medical  Notes       -  -  12 

Macleod  On  Rheumatism      -  -  18 

Pereira  On  Food  and  Diet     -  -  23 

Reece's  Medical  Guide  -      -  -  24 

MISCELLANEOUS. 

Bosworth's  Anglo-Saxon  Dictionary  6 
Bray*s  Philosophy  of  Necessity  -  5 
Cavendish's  Debates  -  -  -  6 
Clavers'B  Forest  Life  -  -  -  ib. 
Colton's  Lacon  -  -  -  -  7 
De  Morgan  On  Probabilities  -  7 
Dendy's  Philosoi)hy  of  Mystery  -  ib. 
Duhring's  Art  of  Living  -  -  8 
Good's  Book  of  Nature  -  -  -  9 
Graham's  English  -      -      -      -  ib. 

"       Helps  to  English  Grammar  ib. 
Guest's  Mabinogion       -      -      -  10 
Holland's  Progressive  Education  -  11 
Howitt's  Rural  Life  of  England    -  12 
'*      Visits  to  Remarkable  Places  ib. 
'*       Student-Life  of  Germany  -  13 
"       Rural  and  Domestic  Life 

of  Germany  -      -      -  ib. 
"       Colonisation   and  Chris- 
tianity -      -      -      -  ib. 
Jeffrey's  (Lord)  Contributions  to 

The  Edinburgh  Review  -  -  14 
Life  of  a  Travelling  Physician  -  15 
Macaulay's  CriticsQ  ana  Historical 

Essays  18 

Milne  On  the  Valuation  of  Annuities 

and  Assurance  on  Lives,  &c.  -  21 
Morgan  On  Assurances,  Annuities^ 

and  Reversions  -  -  -  -  ib. 
Peter  Plymley's  Letters  -  -  -  27 
Seaward's  Narrative  of  Shipwreck  -  26 
Smith's  (Rev.  Sydney)  Worits  -  27 
Taylor's  Statesman       -      -      -  29 

NATURAL  HISTORY  IN 
GENERAL. 

Callow's  Popular  Conchology  -  6 
Gray'sFiguresofMoUuscousAnimals  10 
**  Genera  of  Birds  -  -  -  9 
Kirby  and  Spence's  Entomology  -  15 
Reeve's  Conchologia  Systematica  -  24 
Stephens's  British  Coleoptera  -  28 
Swainson  On  the  Study  of  Natural 

History  -  -  -  28 
"  Animals  -  -  -  -  ib. 
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**  Animals  in  Menageries  -  29 
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Reptiles      -       -      -  ib. 
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Habits  and  Instincts  of 
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Taxidermy     -  -  ib. 

Turton's  Shells  of  theBritishlslands  31 
Waterton's  Essays  on  Natural  Hist.  ib. 
Westwood's  Classification  of  Insects  32 

NOVELS  AND  WORKS  OF 
FICTION. 

Blessington's  (Lady)  Meredith      -  21 

Doctor  (the)  8 

Howitt's  (Mary)  Neighbours  -      -  12 
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"  "  President'sDaughters  13 
Ingemann's    King  Eric  and  the 
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AND  DICTIONARIES. 
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Blaine's  Encyclopjedia  of  Rural 
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Loudon's  Encyclopaedia  of  Trees 
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phical,  Statistical, 
and  Historical       -  20 
"          Dictionary,  Practical, 
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**      Irish  Melodies  -      -      -  ib 
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POLITICAL  ECONOMY 
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ADAM.-THE  GEM  OE  THE  PEAK; 

Or,  Matlock  Bath  and  its  Vicinity :  an  Account  of  Derby ;  a  Tour  from  Derby  to  Matlock ; 
Excursion  to  Cliatsworth,  Haddon,  Monsal  Dale,  &c.  &c. ;  a  Review  of  the  Geology  of  Derby- 
shire, and  the  Flora  of  the  High  and  Low  Peak.  By  W.  Adam.  3d  Edition,  12mo.  with 
Maps  and  Engravings,  6s.  cloth. 

ADDISON.-THE  KNIGHTS  TEMPLARS. 

By  C.  G.  Addison,  of  the  Inner  Temple.  2d  Edition,  enlarged,  1  vol.  square  crown  8vo.  with 
Illustrations,  I8s.  cloth. 

ADDISON. -THE  TEMPLE  CHURCH  IN  LONDON : 

Its  History  and  Antiquities.  By  C.  G.  Addison,  Esq.,  of  the  Inner  Temple;  Author  of 
"  The  History  of  the  Knights  Templars."   Square  crown  8vo.  with  Six  Plates,  5s.  cloth. 

ADDISON.-AEULL  AND  COMPLETE  GUIDE,  HISTORICAL 

AND  DESCRIPTIVE,  TO  THE  TEMPLE  CHURCH.  (From  Mr.  Addison's  "  History  of 
the  Temple  Church.")  Square  crown  8vo.  Is.  sewed. 

AIKIN.-THE  LIFE  OF  JOSEPH  ADDISON. 

Illustrated  by  many  of  his  Letters  and  Private  Papers  never  before  published.  By  Lucy 
AiKiN.   2  vols,  post  Bvo.  with  Portrait  from  Sir  Godfrey  Kneller's  Picture.   18s.  cloth. 

"  Miss  Aikin  has  not  left  a  stone  unturned,  that  her  monument  to  one  of  our  most  polished  writers  and  complete 
minds  may  be  fair,  upright,  and  symmetrical.  Her  book  contains  the  first  complete  life  of  Addison  ever  put  Ibrth. 
As  a  literary  biography  it  is  a  model ;  and  its  pages  are  besides  enriched  by  many  hitherto  unpublished  letters  of 
Addison." — AxHEKiEUM. 

ALLAN.-A  PICTORIAL  TOUR  IN  THE  MEDITERRANEAN ; 

comprising  Malta,  Dalmatia,  Turkey,  Asia  Minor,  Grecian  Archipelago,  Egypt,  Nubia,  Greece, 
Ionian  Islands,  Sicily,  Italy,  and  Spain.  By  J.  H.  Allan,  Member  of  the  Athenian  Archa50- 
logical  Society,  and  of  the  Egyptian  Society  of  Cairo.  Imp.  4to.  containing  upwards  of  -10 
Lithographed  Drawings,  and  70  Wood  Engravings,  jfi'S.  .3s.  c\oth.— Nearly  ready. 

BAILLIE'S  (JOANNA)  NEW  DRAMAS. 

3  vols.  8vo.  £\.  16s.  boards. 

BAILLIE'S  (JOANNA)  PLAYS  ON  THE  PASSIONS. 

3  vols.  8vo.  £\.  lis.  6d.  boards. 

BAINBRIDGE.-THE  FLY-FISHER'S  GUIDE, 

Illustrated  by  Coloured  Plates,  representing  upwards  of  40  of  the  most  uspful  Flies,  accurately 
copied  from  Nature.   By  G.  C.  Bainbridge.   4th  Edition,  8vo.  10s.  6d.  cloth. 

BAKEWELL.-AN  INTRODUCTION  TO  GEOLOGY. 

Intended  to  convey  Practical  Knowledge  of  the  Science,  and  comprising  the  most  important 
recent  discoveries;  vrith  explanations  of  the  facts  and  phenomena  which  serve  to  confirm  or 
invalidate  v.arious  Geological  Theories.  By  Robert  Bakewell.  Fifth  Edition,  considerably 
enlarged,  8vo.  with  numerous  Plates  and  Woodcuts,  21s.  cloth. 

BAYLDON.-ART  OF  YALUING  RENTS  AND  TILLAGES, 

And  the  Tenant's  Right  of  Entering  and  Quitting  Farms,  explained  by  several  Specimens  of 
Valuations;  and  Remarks  on  the  Cultivation  pursued  on  Soils  in  different  Situations. 
Adapted  to  the  Use  of  Landlords,  Land-Agents,  Appraisers,  Farmers,  and  Tenants.  5th 
Edition,  re-written  and  enlarged,  by  John  Donaldson.  With  a  Chapter  on  the  Tithe-Com- 
mntation  Rent-Charge,  by  a  Gentleman  of  much  experience  on  the  Tithe  Commission.  8vo. 
lOs.  6d.  cloth. 
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CATALOGUE  OF  NEW  WORKS 


BAYLDON -TREATISE  ON  THE  VALUATION  OE  PROPERTY 

FOR  THE  POOR'S  RATE;  shewing  the  Method  of  Rating  Lands,  Building-s,  Tithes,  Mines, 
Woods,  Navigable  Rivers  and  Canals,  and  Personal  Property  :  with  an  Abstract  of  the  Poor 
Laws  relating  to  Rates  and  Appeals.  By  J.  S.  Bayldon,  Author  of  "Rents  and  Tillages." 
1  vol.  8vo.  7s.  6d.  boards. 

BEDEORD  CORRESPONDENCE.  -  CORRESPONDENCE  OE 

JOHN,  FOURTH  DUKE  OF  BEDFORD,  selected  from  the  Originals  at  Woburn  Abbey : 
with  Introductions  by  Lord  John  Russell. 

8vo.  Vols.  1  (1742-48),  18s.  cloth  ;  Vol.  2  (1749-60),  15s.  cloth. 

**  Tlae  second  volume  of  this  publication  includes  a  correspondence  having  relation  to  the  period  from  the  Peace  of 
Aix-la-Chapelle  tn  the  death  of  George  II.  Its  most  remarkable  portion  bears  upon  an  important  question  on  which 
there  exist  some  differences  of  opinion  at  the  present  time,  viz.  the  intrigues  which  led  to  the  junction  of  the  Duke  of 
Newcastle  and  Pitt,  in  1757.  The  letters  respecting  the  state  of  Ii  eland  under  the  Viceroyalty  of  the  Duke  of  Bedford, 
also  here,  are  not  a  little  interesting."— Morning  Herald. 

*»*  Vol.  3,  to  complete  the  work,  is  in  preparation. 

BELL.-LIVES  OF  THE  MOST  EMINENT  ENGLISH  POETS. 

By  Robert  Bell,  Esq.   2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 

BELL.-THE  HISTORY  OE  RUSSIA, 

From  the  Earliest  Period  to  the  Treaty  of  Tilsit.  By  Robert  Bell,  Esq.  3  vols.  fcp.  8vo. 
with  Vignette  Titles,  18s.  cloth. 

BELLAMY.-THE  HOLY  BIBLE, 

Newly  Translated  from  the  Original  Hebrew  only.   By  J.  Bellamy.   4to.  Parts  1  to  8. 

BIOGRAPHICAL  DICTIONARY 

Of  the  Society  for  the  Diffusion  of  Useful  Knowledge.  To  be  continued  Quarterly,  in  Half- 
volumes.  Vol.  1,  Part  1— Aa  to  Agathoclea,  8vo.  12s.  cloth. 

„      J,    2,  completing  Vol.  1— Agathocles  to  Alexander  III.  of  Scotland, 
8vo.  12s.  cloth. 

VoL  2,  Part  1— Alexander  of  Seleucia  to  Ameilhon,  8vo.  12s.  cloth. 

„       „    2,  completing  Vol.  2— Ameinocles  to  Antelmi  (Leonce),  8vo.  12s. 
cloth. 

Vol.  3,  Part  1— 

*»*  To  be  continued  Quarterly.— The  work  will  probably  not  exceed  Thirty  Volumes. 

"  This  work  proceeds  in  a  satisfactory  manner.  The  number  of  new  names  is  very  considerable ;  and  in  the 
articles  which  we  have  read,  and  of  which  we  have  been  able  to  form  an  opinion,  we  have  sometimes  gained  new 
Information,  and  at  others  have  seen  the  errors  of  former  authorities  satisfactorily  corrected." — British  MagA-zine. 

BISCHOEE.-PHYSICAL,  CHEMICAL,  AND  GEOLOGICAL 

RESEARCHES  on  the  Internal  Heat  of  the  Globe.  By  Gustav  Bischoff,  Ph.D.  Professor 
of  Chemistry  in  the  University  of  Bonn.   2  vols.   Vol.  1,  8vo.  Plates  and  Woodcuts,  lOs.  bds. 

BLACK^S  PICTURESQUE  TOURIST, 

And  Road-Book  of  England  and  Wales :  with  a  general  Travelling  Map,  Charts  of  Roads, 
Railroads,  and  interesting  Localities,  and  engraved  Views  of  the  Scenery.  Fcp.  8vo.  10s.  6d.  cl. 

BLAINE.-AN  ENCYCLOPEDIA  OE  RURAL  SPORTS ; 

Or,  a  complete  Account,  Historical,  Practical,  and  Descriptive,  of  Hunting,  Shooting,  Fishing, 
Racing,  and  other  Field  Sports  and  Athletic  Amusements  of  the  present  day.  By  Delabere 
P.  Blaine,  Esq.  Author  of  "Outlines  of  the  Veterinary  Art,"  "  Canine  Pathology,"  &c.  &c. 
Illustrated  by  nearly  600  Engravings  on  Wood,  by  R.  Branston,  from  Drawings  by  Aiken, 
T.  Landseer,  Dickes,  &c.   1  thick  vol.  8vo.  pp.  1256,  £2. 10s.  bound  in  fancy  cloth. 

BLAIR'S  CHRONOLOGICAL  TABLES, 

From  the  Creation  to  the  present  time.  A  new  edition,  carefully  corrected,  enlarged,  and 
brought  dow  n  to  the  present  time ;  and  prinied  in  a  convenient  form.  Under  the  revision  of 
Sir  Henry  Ellis,  K.H.  Principal  Librarian  of  the  British  Museum.   1  vol.  royal  8vo. 

In  the  Press. 

BLOOMEIELD.-HISTORY  OF  THE  PELOPONNESIAN  WAR. 

By  Thucvdides.  Newly  translated  into  English,  and  accompanied  with  very  copious  notes, 
Philological  and  Explanatory,  Historical  and  Geographical.  By  the  Rev.  S.  T.  Bloomfield, 
D.D.  F.S.A.   3  vols.  8vo.  with  Maps  and  Plates,  j62.  5s.  boards. 
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BLOOMFIELD.~THE  GREEK  TESTAMENT: 

■With  copious  English  Notes,  Critical,  Philological,  and  Explanatory.  By  the  Rev.  S.  T. 
Bloomfield,  D.D.  F.S.A.   3d  Edit,  improved,  2  vols.  8vo.  with  a  Map  of  Palestine,  40s."  cloth! 

ELOOMFIELD.-COLLEGE  &  SCHOOL  GREEK  TESTAMENT: 

With  English  Notes.  By  the  Rev.  S.  T.  Bloomfield,  D.D.  3d  Edition,  greatly  enlarged, 
and  very  considerably  improved,  12mo.  10s.  6d.  cloth. 

BLOOMFIELD.-GREEK  AND  ENGLISH  LEXICON  TO  THE 

NEW  TESTAMENT :  especially  adapted  to  the  use  of  Colleges,  and  the  Higher  Classes  in 
Public  Schools;  but  also  intended  as  a  convenient  Manual  for  Biblical  Students  in  general. 
By  Dr.  Bloomfield.   Fcp.  8vo.  9s.  cloth. 

BOS¥ORTH.-A  DICTIONARY  OF  THE  ANGLO-SAXON 

LANGUAGE:  containing  the  Accentuation,  the  Grammatical  Inflexions,  the  Irregular 
Words  referred  to  their  Themes,  the  Parallel  Terms  from  other  Gothic  Languages,  the 
Meaning  of  the  Anglo-Saxon  in  English  and  Latin,  and  copious  English  and  Latin  Indexes, 
serving  as  a  Dictionary  of  English  and  Anglo-Saxon,  as  well  as  of  Latin  and  Anglo-Saxon. 
With  a  Preface,  on  the  Origin  and  Connection  of  the  German  Tongues,  a  Map  of  Languages, 
and  the  Essentials  of  Anglo-Saxon  Grammar.  By  the  Rev.  J.  Bosworth,  LL.D.  Dr.  Phil, 
of  Leyden,  &c.   Royal  8vo.  pp.  766,  £1.  2s.  boards.  Cambridge,  1838. 

BOY'S  OWN  BOOK  (THE) : 

A  Complete  Encyclopa;dia  of  all  the  Diversions,  Athletic,  Scientific,  and  Recreative,  of  Boy- 
hood and  Youth.  19th  Edition,  square  12mo.  with  many  Engravings  on  Wood,  8s.  6d.  board's. 

BRANDE.-A  DICTIONARY  OF  SCIENCE,  LITERATURE 

AND  ART ;  comprising  the  History,  Description,  and  Scientific  Principles  of  every  Branch 
of  Human  Knowledge ;  with  the  Derivation  and  Definition  of  all  the  Terms  in  General  Use 
Edited  by  W.  T.  Brande,  F.R.S.L.  &  E. ;  assisted  by  Joseph  Cauvin,  Esq.  The  various 
departments  are  by  Gentlemen  of  eminence  in  each.  1  very  thick  vol.  8vo.  pp.  1352  illustrated 
by  Wood  Engravings,  .^3,  bound  in  cloth.   London,  1842.  ' 

BRAY -THE  PHILOSOPHY  OF  NECESSITY; 

Or,  the  Law  of  Consequences  as  applicable  to  Mental,  Moral,  and  Social  Science.  By  Charles 
Bray.   2  vols.  8vo.  15s.  cloth. 

BREWSTER- TREATISE  ON  OPTICS. 

By  Sir  David  Brewster,  LL.D.  F.R.S.,  &c.  New  Edition.  I  vol.  fcp.  8vo.  Vignette  Title 
and  176  Woodcuts,  6s.  cloth.  ^  ' 

BRITTON.-THE  ORIGINAL  PICTURE  OF  LONDON : 

With  a  Description  of  its  Environs.  Re-edited,  and  mostly  re-written,  by  J.  Britton, 
F.S.A.  &c.  28th  Edition,  with  upwards  of  100  Views  of  Public  Buildings,  Plan  of  the  Streets' 
and  Two  Maps,  18mo.  9s.  neatly  bound;  with  the  Maps  only,  6s.  bound.  ' 

BULL-HINTS  TO  MOTHERS, 

For  the  Management  of  Health  during  the  Period  of  Pregnancy  and  in  the  Lying-in  Room; 
with  an  Exposure  of  Popular  Errors  in  connection  with  those  subjects.  By  Thomas  Bull', 
M.D.  Physician  Accoucheur  to  the  Finsbury  Midwifery  Institution,  &c.  &c.  3d  Edition.' 
1  vol.  fcp.  8vo.  enlarged,  pp.  336,  7s.  cloth.   London,  1841. 

BULL.-THE  MATERNAL  MANAGEMENT  OF  CHILDREN, 

in  HEALTH  and  DISEASE.   By  T.  Bull,  M.D.   Fcp.  8vo.  7s.  cloth. 

"  Excellent  guides,  and  deserve  to  be  generally  known." — Johnson's  Medico-Chirurgicax  Review. 

BURDER.-ORIENTAL  CUSTOMS, 

Applied  to  the  Illustration  of  the  Sacred  Scriptures.  By  Samuel  Burder,  A.M.  3d  Edit, 
with  additions,  fcp.  8vo.  8s.  6d.  cloth. 
Houses  and  Tents— Marriage— Children— Servants— Food  and  Drink— Dress  and  Clothing- 
Presents  and  Visiting— Amusements— Books  and  Letters— Hospitality— Travelling— Respect 
and  Honour— Agriculture— Cattle  and  Beasts— Birds,  Insects,  and  Reptiles— Fruit  and  Wine 
— Kings  and  Government — War — Punishments — Religion— Time  and  Seasons— Medicine- 
Funerals,  &c. 
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CATALOGUE  OF  NE^W^  AVORKS 


BUUNS.-THE  PRINCIPLES  OP  CHRISTIAN  PHILOSOPHY; 

containing  the  Doctrines,  Duties,  Admonitions,  and  Consolations  of  the  Christian  Religion. 
By  John  Burns,  M.D.  F.R.S.  5th  Edition,  12mo.  7s.  boards. 
Man  is  created  for  a  Future  State  of  Happiness ;  on  the  Means  by  which  a  Future  State  of 
Happiness  is  procured;  of  what  is  required  of  Man  that  he  may  obtain  a  Future  State  of 
Happiness ;  of  the  Nature  of  the  Future  State  of  Happiness ;  of  the  Preparation  for  the  Future 
State  of  Happiness  ;  of  Personal  Duties  ;  of  Relative  Duties  ;  of  the  Duties  Men  owe  to  God  ; 
of  the  Admonitions  and  Consolations  afforded  by  the  Christian  Religion. 

BUTLER-SKETCH  OP  ANCIENT  &  MODERN  GEOGRAPHY. 

By  Samuel  Butler,  D.D.  late  Lord  Bishop  of  Lichfield  and  Coventry;  and  formerly  Head 
Master  of  Shrewsbury  School.   New  Edition,  revised  by  his  Son,  8vo.  9s.  boards. 

The  present  edition  has  been  carefully  revised  by  the  author's  son,  and  such  alterations  introduced  as  continually 
progressive  discoveries  and  the  latest  information  rendered  necessary.  Recent  Travels  have  been  constantly  con- 
sulted where  any  doubt  or  difficulty  seemed  to  require  it;  and  some  additional  matter  has  been  added,  both  in  the 
ancient  and  modern  part. 

BUTLER-ATLAS  OP  MODERN  GEOGRAPHY. 

By  the  late  Dr.  Butler.  New  Edition ;  consisting  of  Twenty-three  coloured  Maps,  from  a 
New  Set  of  Plates.   8vo.  with  Index,  12s.  half-bound. 

BUTLER.-ATLAS  OP  ANCIENT  GEOGRAPHY; 

Consisting  of  Twenty-three  coloured  Maps.  "With  Index.   By  the  late  Dr.  Butler.  New 
Edition.   8vo.  12s.  half-bound. 
*»*  The  above  two  Atlases  may  be  had,  half-bound,  in  One  Volume,  in  4to.  price  24s. 

CALLCOTT.-A  SCRIPTURE  HERBAL. 

With  upwards  of  120  Wood  Engravings.  By  Lady  Callcott.  Square  crown  Svo.  pp.  568, 
^1.  5s.  cloth. 

"'The  last  two  years  of  her  life  were  devoted  to  drawing  the  specimens  of  the  plants,  and  collecting  the  best  works 
on  botany,  so  as  to  furnish  materials  for  her  last  book—'  The  Scripture  Herbal'— the  design  and  ch-.iracter  of  whirli  is 
as  creditable  to  her  philanthropy  as  its  origin  is  honourable  to  the  extent  of  her  Biblical  studies.  The  easy  gra'  i;- 
fulness  of  its  style,  and  its  elegant  embellishments ,  may  lead  many  an  inhabitant  of  the  drawing-room  or  boudoir  to 
'  look  from  Kat'ure  up  to  Nature's  God ,'  to  study  his  '  unwritten  laws'  in  the  natural  world,  in  connection  with  the 
written  Jaw  of  revelation."— From  a  Memoir  of  L.vdy  CiLLCoxr,  in  the  Annual  Bioquapht  for  1842. 

CATLO¥.-POPULAR  CONCHOLOGY; 

Or,  the  Shell  Cabinet  arranged:  being  an  Introduction  to  the  Modern  System  of  Conchology : 
with  a  sketch  of  the  Natural  History  of  the  Animals,  an  account  of  the  Formation  of  the  Shells, 
and  a  complete  Descriptive  List  of  the  Families  and  Genera.  By  Agnes  Catlow.  Fcp.  Svo. 
with  312  Woodcuts,  10s.  6d.  cloth. 

CAVENDISH'S  (SIR  HENRY)  DEBATES  OP  THE  HOUSE  OP 

COMMONS,  during  the  Thirteenth  Parliament  of  Great  Britain,  commonly  called  the 
Unreported  Parliament.  To  which  are  appended.  Illustrations  of  the  Parliamentary  History 
of  the  Reign  of  George  III.,  consisting  of  Unpublished  Letters,  Private  Journals,  Memoirs, 
&c.  Drawn  up  from  the  Original  MSS.,  by  J.  Wright,  Esq.,  Editor  of  the  Parliamentary 
History  of  England.  In  4  vols,  royal  Svo.  Vol.  1  is  now  ready,  25s.  cloth.  This  work  is 
also  published  in  Parts,  6s.  each,  of  which  six  are  now  published. 

".  These  Reports  (1768—1774)  constitute  a  valuable  addition  to  Hansard's  Debates,  and  contain  much  curious 

matter  inter  alia,  upwards  of  one  hundred  new  speeches  of  Burke  ;  they,  in  fact,  go  far  to  fill  up  a  hitherto  hopeli-i.s 

gap  in  our  Parliamentary  history— and  the  publication,  with  its  important  appendices,  does  great  honour  to  the 
skill  and  industry  of  the  cliscoverer  and  editor."— Quaiiteult  Revie\v,  No.  140,  Sept.  1842— note,  page  290. 

CHALENOR.-POETICAL  REMAINS  OP  MARY  CHALENOR. 

Fcp.  8vo.  4s.  cloth. 

CHALENOR.-WALTER  GRAY, 

A  Ballad,  and  other  Poems ;  including  the  Poetical  Remains  of  Mary  Chalenor.  2d  Edition, 
with  Additions,  fcp.  Svo.  6s.  cloth. 

"  The  poems  are  sweetly  natural ;  and,  though  on  topics  often  sung,  breathe  a  tenderness  and  melancholy  wliicli 
are  at  once  soothing  and  consolatory." — Litehaut  Gazette. 

CHINA.-THE  LAST  YEAR  IN  CHINA, 

To  the  Peace  of  Nanking :  as  sketched  in  Letters  to  his  Friends,  by  a  Field  Officer  actively 
employed  in  that  Country.  With  a  few  concluding  Remarks  on  our  Past  and  Future  Policy 
in  China.   2d  edition,  revised.   Fcp.  Svo.  with  Map,  7s.  cloth. 

CHINESE  NOVEL.-RAMBLES  OP  THE  EMPEROR  CHING 

Tih  in  Keang  Nan  :  a  Chinese  Tale.  Translated  by  Tkin  Shen  ;  with  a  Preface  by  James 
Legge,  D.D.   2  vols,  post  Svo.  21s.  cloth. 

**  These  rambles  of  the  Haroun  Alraschid  of  the  Celestial  Empire  give  a  very  curious,  and,  at  the  present  moment, 
a  ]>ccuiiarly  interesting  view  of  Chinese  opinions,  usages,  and  institutions." — Tait's  Magazine. 

CLAYERS.-POREST  PIPE. 

By  Ma  ry  Clavers,  an  Actual  Settler ;  Author  of  "  A  New  Home,  Who  '11  Follow  ?"  2  vols, 
fcp.  Svo.  pp.  642,  12s.  cloth. 
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COLTON.-LACON ;  OR,  MANY  THINGS  IN  FEW  WORDS. 

By  the  Rev.  C.  C.  Colton.  New  Edition.  8vo.  128.  cloth. 

CONVERSATIONS  ON  BOTANY. 

9th  Edition,  improved,  pp.  302,  fcp.  8vo.  with  22  Plates,  7s.  6d.  cloth ;  with  the  plates  coloured, 
12s.  cloth. 

The  object  of  this  work  is  to  enahle  children  and  young  persons  to  acquire  a  knowledge  of  the  vegetable  produc- 
tions of  their  native  country,  by  introducing  to  them,  in  a  lamiliar  manner,  the  principles  of  the  Linnsean  System  of 
ijotany.  For  this  purpose,' the  arrangement  of  Linnieus  is  briefly  explained  ;  a  native  plant  of  each  class,  with  a 
few  exceptions,  is  examined,  and  illustrated  by  an  engraving;  a  short  account  is  added  of  some  of  the  principal 
foreign  species. 

CONVERSATIONS  ON  MINERALOGY. 

With  Plates,  eno;raved  by  Mr.  and  Mrs.  Lowry,  from  Original  Drawings.  3d  Edition,  en- 
larged.  2  vols.  12mo.  14s.  cloth. 

COOLEY.-THE  HISTORY  OE  MARITIME  AND  INLAND 

DISCOVERY.    By  W.  D.  Cooley,  Esq.   3  vols.  fcp.  8vo.  with  Vignette  Titles,  18s.  cloth. 

COPLAND.-A  DICTIONARY  OF  PRACTICAL  MEDICINE; 

comprising  General  Pathology,  the  Nature  and  Treatment  of  Diseases,  Morbid  Structures, 
and  the  Disorders  especially  incidental  to  Climates,  to  Sex,  and  to  the  diflferent  Epochs  of 
Life,  with  numerous  approved  Formulae  of  the  Medicines  recommended.  By  James  Copland, 
M.D.,  Consulting  Physician  to  Queen  Charlotte's  Lying-in  Hospital ;  Senior  Physician  to  the 
Royal  Infirmary  for  Children  ;  Member  of  the  Royal  College  of  Physicians,  London ;  of  the 
Medical  and  Chirurgical  Societies  of  London  and  Berlin,  &c.  Publishing  in  parts,  of  which  8 
have  appeared. 

CROCKER.-ELEMENTS  OF  LAND  SURVEYING. 

Fifth  Edition,  corrected  throughout,  and  considerably  improved  and  modernized,  by  T.  G. 
Bunt,  Land  Surveyor,  Bristol.  To  which  are  added,  TABLES  OF  SIX-FIGURE  LOGA- 
RITHMS, &c.,  superintended  by  Richard  Farley,  of  the  Nautical  Almanac  Establishment. 
1  vol.  post  8vo.  12s.  cloth. 

*,*  The  work  throughout  is  entirely  revised,  and  much  new  matter  has  been  added  ;  there  are  new  chapters,  con- 
taining very  full  and  niinute  Directions  relating  to  the  modern  I'ractice  of  Surveying,  both  with  and  witliout  the  aid 
of  angular  instruments.  The  method  of  Plottmg  Estates,  and  Casting  or  Computing  their  Areas,  are  described,  &c. 
&c.   Tile  chapter  on  Levelling  also  is  new. 

CROWE.~THE  HISTORY  OF  FRANCE, 

From  the  Earliest  Period  to  the  Abdication  of  Napoleon.  By  E.  E.  Crowe,  Esq.  8  vols.  fcp. 
8vo.  with  Vignette  lltles,  18s.  cloth. 

DAVY  (SIR  HUMPHRY). -AGRICULTURAL  CHEMISTRY: 

With  Notes  by  Dr.  John  Davy.   6th  Edition,  8vo.  with  10  Plates,  15s.  cloth. 

Contents:  —  Introduction  —  The  General  Powers  of  Matter  which  influence  Vegetation  —  The  Organization  of 
Plants — Soils— Nature  and  Constitution  of  tlie  Atmosphere,  and  its  influence  on  Vegetables— Manures  of  Vegetable 
and  Animal  Origin  Manures  of  Mineral  Origin,  or  fossil  Manures — Improvement  of  Lands  by  Burning — Experi- 
ments on  the  Nuti-itive  Qualities  of  different  Grasses,  &c. 

DE  CUSTINE.— THE  EMPIRE  OF  THE  CZAR; 

Or,  Observations  on  the  Social,  Political,  and  Religious  State  of  Russia,  and  its  Prospects,  made 
during  a  Journey  through  that  Empire.  By  the  Marquis  De  Custine.  Translated  from  the 
French.   3  vols,  post  8vo.  31s.  6d.  cloth. 

"  M.  De  Custine  has  exhibited  some  new  views  on  Russia  in  a  striking  and  attractive  way.  To  the  Frenchman's 
sparkling  vivacity  of  manner  he  adds  his  skill  in  seizing  upon  the  incidents  of  action,  the  features  of  character, 
or  the  points  of  things,  and  presenting  them  with  an  attractive  or  imposing  effect.  The  aristocratical  opinions  of 
M.  De  Custine  also  impart  a  character  to  his  sentiments  ;  as  his  politeness  refines  his  taste  and  gives  an  air  of  de- 
corum to  his  morals,  without  modifying  his  French  confidence." — Spectatoh. 

"  A  remarkable  book,  full  of  lively,  curious,  extractable  matter.  The  Marquis  is  a  clever,  spirited  writer ;  and  his 
point  and  brilliancy  are  kept,  his  happy  hits  given,  and  his  vehement  indignation  in  no  way  compromised,  in  this 
excellent  translation." — ExiMiNEU. 

DE  LA  BECHE.-REPORT  ON  THE  GEOLOGY  OF  CORN- 

WALL,  DEVON,  and  WEST  SOMERSET.  By  Henry  T.  De  la.  Bechb,  F.R.S.  &c., 
Director  of  the  Ordnance  Geological  Survey.  Published  by  Order  of  the  Lords  Commissioners 
of  H.M.  Treasury.  8vo.  with  Maps,  Woodcuts,  and  12  large  Pates,  14s.  cloth. 

DE  MORGAN.-AN  ESSAY  ON  PROBABILITIES, 

And  on  their  Application  to  Life  Contingencies  and  Insurance  Offices.  By  Aug.  de  Morgan, 
of  Trinity  College,  Cambridge.   1  vol.  fcp.  8vo.  with  Vignette  Title,  6s.  cloth. 

DENDY.-THE  PHILOSOPHY  OF  MYSTERY. 

By  W.  C.  Dendy.   1  vol.  8vo.  12s.  cloth. 
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DOCTOU  (THE),  &c. 

5vols.  post  8vo.  £1.  12s.  Cd.  cloth. 

"  Admirably  as  the  mystery  of  the  '  Doctor'  has  been  preserved  tip  to  the  present  moment,  there  is  no  longer  any 
reason  for  affecting  secresy  on  the  subject.  The  author  is  Robert  Southey  :  he  acknowledged  the  fact  shortly  before 
his  last  illness  to  his  most  confidential  friend,  an  M.P.  of  high  character.  In  a  private  letter  from  Mrs.  Southey, 
dated  February  37, 1S43,  she  not  only  states  the  fact,  but  adds  that  the  greater  part  of  a  sixth  volume  had  gone 
throut^h  the  press,  and  that  Southey  looked  forward  to  the  pleasure  of  drawing  her  into  it  as  a  contributor  ;  giving  her 
full  authority  to  affirm  that  her  husband  is  the  author." — Robert  Bell,  Esq.  in  The  Story  Teller,  No.  1. 

DODDRIDGE.-THE  FAMILY  EXPOSITOR; 

Or,  a  Paraphrase  and  Version  of  the  New  Testament :  with  Critical  Notes,  and  a  Practical 
Improvement  of  each  Section.  By  P.  Doddridge,  D.D.  To  which  isprefixed,a  Life  of  the 
Author,  by  A.  Kippis,  D.D.  F.R.S.  and  S.A.   New  Edition,  4  vols.  8vo.  ^1.  I6s.  cloth. 

DONOVAN-TREATISE  ON  CHEMISTRY. 

By  Michael  Donovan,  M.R.I. A.  Fourth  Edition.  1  vol.  fcp.  8vo.  with  Vignette  Title, 
6s.  cloth. 

DONOVAN.-A  TREATISE  ON  DOMESTIC  ECONOMY. 

By  M.  Donovan,  Esq.  M.R.I. A.  Professor  of  Chemistry  to  the  Company  of  Apothecaries  in 
Ireland.   2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 

DORA  MELDER : 

A  Story  of  Alsace.  By  Meta  Sander.  Translated  and  edited  by  the  Rev.  C.  B.  Tayler^ 
Author  of    Records  of  a  Good  Man's  Life,"  &c.   Fcp.  8vo.  pp.  286,  2  Illustrations,  7s.  cloth. 

Viewed  in  a  literary  point  of  view,  tliis  tale  is  admirably  told  ;  whilst  an  air  of  reality  gives  it  a  true  charm." 

British  Magazine. 

DOYER.-LIFE  OE  FREDERICK  II.  KING  OF  PRUSSIA. 

By  Lord  Dovee.  2d  Edition,  2  vols.  8vo.  with  Portrait,  28s.  boards. 

DRUMMOND.-FIRST  STEPS  TO  BOTANY, 

Intended  as  popular  Illustrations  of  the  Science,  leading  to  its  study  as  a  branch  of  general 
education.  By  J.  L.  Drummond,  M.D.  4th  Edit.  12mo.  with  numerous  Woodcuts,  9s.  bds. 

DUHRING.-THE  ART  OF  LIVING. 

By  Dr.  H.  Duhring.  Post  8vo.  5s.  cloth. 

"HappY  is  life,  when  sound  health,  pure  feelings,  rational  thoughts,  and  noble  deeds,  combine  to  exalt  its  earthly 
course.    Then  man  almost  reveals  in  himself  the  image  of  his  Deity,  and  his  home  becomes  a  Paradise." 

DUNHAM.-THE  HISTORY  OF  THE  GERMANIC  EMPIRE. 

By  Dr.  Dunham.  3  vols.  fcp.  8vo.  with  Vignette  Titles,  18s.  cloth. 

DUNHAM.-HISTORY  OF  EUROPE  DURING  THE  MIDDLE 

AGES.    By  Dr.  Dunham.   4  vols.  fcp.  8vo.  with  Vignette  Titles,  £\.  4s.  cloth. 

DUNHAM.-THE  HISTORY  OF  SPAIN  AND  PORTUGAL. 

By  Dr.  Dunham.  5  vols.  fcp.  8vo.  with  Vignette  Titles,  £\.  10s.  cloth. 

DUNHAM.-THE  HISTORY  OF  DENMARK,  SWEDEN,  AND 

NORWAY.  By  Dr.  Dunham.  3  vols.  fcp.  8vo.  with  Vignette  Titles,  18s.  cloth. 

DUNHAM.-THE  HISTORY  OF  POLAND. 

By  Dr.  Dunham.  1  vol.  fcp.  8vo.  with  Vignette  Title,  6s.  cloth. 

DUNHAM.-THE  LIVES  OF  THE  EARLY  WRITERS  OF 

GREAT  BRITAIN.  By  Dr.  Dunham,  R.  Bell,  Esq.  &c.  1  vol.  fcp.  Svo.  with  Vignette 
Title,  6s.  cloth. 

DUNHAM,  &C.-THE  LIVES  OF  BRITISH  DRAMATISTS. 

By  Dr.  Dunham,  R.  Bell,  Esq.  &c.  2vols.  fcp.  Svo.  with  Vignette  Titles,  12s.  cloth. 

ELLIOTSON.-HUMAN  PHYSIOLOGY: 

With  which  is  incorporated  much  of  the  elementary  part  of  the  "  Institutiones  Physiologicse" 
of  J.  F.  Blumenbach,  Professor  in  the  University  of  Gottingen.   By  John  Elliotson,  M.D. 
Cantab.  F.R.S.   Fifth  Edition.   Complete  in  1  thick  vol.  8vo.  with  numerous  Woodcuts, 
pp.  1206,  £1.  2s.  cloth  ;  separately  in  three  Parts,  as  follows : — 
Part  1,  General  Physiology,  and  the  Organic  Functions.   5th  Edition,  IDs.  6d. 
"    2,  The  Animal  Functions.   5th  Edition,  14s. 

"    3,  Human  Generation;  the  Growth,  Decay,  and  Varieties  of  Mankind:  with  an 
Appendix  on  Mesmerism,  17s. 
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PAREY.-A   TREATISE   ON    THE    STEAM  ENGINE, 

Historical,  Practical,  and  Descriptive.  By  John  Farey,  Engineer.  4to.  Illustrated  by 
numerous  Woodcuts,  and  25  Copper-plates.   ^5.  5s.  boards. 

EERGUS.-HISTORY  OF  THE  UNITED  STATES  OF  AMERICA, 

From  the  Discovery  of  America  to  the  Election  of  General  Jackson  to  the  Presidency.  By  the 
Rev.  H.  Fergus.   2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 

FIELD.-POSTHUMOUS  EXTRACTS  FROM  THE 

VETERINARY  RECORDS  OF  THE  LATE  JOHN  FIELD.  Edited  by  his  Brother, 
William  Field,  Veterinary  Surg:eon,  London.   8vo.  8s.  bds. 

*»*  These  Records  consist  of  Selections  from  a  vast  number  of  Manuscript  papers  and  cases,  extending  over  a 
period  of  twenty  years,  and  treat  of  most  of  the  diseases  incidental  to  Horses. 

FORD.-THE  NEW  DEYOUT  COMMUNICANT, 

According:  to  the  Church  of  Eng;land ;  containing  an  Account  of  the  Institution,  Prayers,  and 
Meditations,  before  and  after  the  Administration,  and  a  Companion  at  the  Lord's  Table.  By 
the  Rev.  James  Ford,  B.D.  7th  Edition,  18mo.  2s.  6d.  bound  in  cloth,  with  gilt  edges; 
fcp.  8vo.  3s.  6d.  bound. 

EORD.-A  CENTURY  OF  CHRISTIAN  PRAYERS, 

On  FAITH,  HOPE,  and  CHARITY;  veith  a  Morning  and  Evening  Devotion.  By  the  Rev. 
James  Ford,  B.D.  3d  Edition,  18mo.  4s.  cloth. 

FORSTER-THE  STATESMEN  OF  THE  COMMONWEALTH 

OF  ENGLAND.   With  an  Introductory  Treatise  on  the  Popular  Progress  in  English  History. 

By  John  Forster,  Esq.  5  vols.  fcp.  Svo.  with  Original  Portraits  of  Pym,  Eliot,  Hampden, 

Cromwell,  and  an  Historical  Scene  after  a  Picture  by  Cattermole,  ^'1. 10s.  cloth. 
The  Introductory  Treatise,  intended  as  an  Introduction  to  the  Study  of  the  Great  Civil  War  in 

the  Seventeenth  Century,  separately,  2s.  6d.  sewed. 
The  above  5  vols,  form  Mr.  Forster's  portion  of  the  Lives  of  Eminent  British  Statesmen,  by  Sir 

James  Mackintosh,  the  Right  Hon.  T.  P.  Courtenay,  and  John  Forster,  Esq.   7  vols.  fcp.  Svo. 

with  Vignette  Titles,  ^2.  2s.  cloth. 

FOSBROKE.-A  TREATISE  ON  THE  ARTS,  MANNERS, 

MANUFACTURES,  and  INSTITUTIONS  of  the  GREEKS  and  ROMANS.  By  the  Rev. 
T.  D.  FosBROKE,  &c.    2  vols.  fcp.  Svo.  with  Vignette  Titles,  12s.  cloth. 

FRANKUM.-DISCOURSE   ON    THE   ENLARGED  AND 

PENDULOUS  ABDOMEN,  showing  it  to  be  a  visceral  aifection  attended  with  important 
consequences  in  the  Human  Economy ;  with  cursory  Observations  on  Diet,  Exercise,  and  the 
General  Management  of  Health :  for  the  use  of  the  Dyspeptic.  By  Richard  Frankum,  Esq. 
Surgeon. 

The  Second  Edition,  augmented,  with  a  Dissertation  on  Gout,  suggestingnew  physiological  views 
as  to  its  Cause,  Prevention,  and  the  best  Course  of  Treatment.   Fcp.  Svo.  pp.  126,  5s.  cloth. 

GLEIG -LIYES  OF  MOST  EMINENT  BRITISH  MILITARY 

COMMANDERS.    By  the  Rev.  G.  R.  Gleig.   3  vols.  fcp.  Svo.  with  Vignette  Titles,  ISs.  cloth. 

GLENDINNING.-PRACTICAL  HINTS  ON  THE  CULTURE 

OF  THE  PINE  APPLE.  By  R.  Glendinning,  Gardener  to  the  Right  Hon.  Lord  Rolle, 
Bicton.   12mo.  with  Plan  of  a  Pinery,  5s.  cloth. 

GOOD.-THE  BOOK  OF  NATURE. 

A  Popular  Illustration  of  the  General  Laws  and  Phenomena  of  Creation.  By  John  Mason 
Good,  M.D.  F.R.S.,  &c.   Third  Edition,  corrected,  3  vols.  fcp.  Svo.  24s.  cloth. 

GRAHAM-ENGLISH ;  OR,  THE  ART  OF  COMPOSITION 

explained  in  a  Series  of  Instructions  and  Examples.  By  G.  F.  Graham.  Fcp.  Svo.  pp.  34S, 
7s.  cloth. 

GRAHAM- HELPS  TO  ENGLISH  GRAMMAR; 

Or,  Easy  Exercises  for  Young  Children.  By  G.  F.  Graham,  Illustrated  by  Engravings  on 
Wood.   Fcp.  Svo.  cloth,  3s. 

"  Mr.  Graham's  '  Helps  to  English  Grammar*  will  be  found  a  good  elementary  book ;  and  the  numerous  engravings 
which  it  contains  must  render  it  extremely  attractive  to  the  *  Young  Children'  for  whose  use  these  '  Easy  Exercises* 
are  designed.  The  arrow,  which  is  for  the  first  time  adopted  in  a  work  of  this  sort,  to  illustrate  the  connection,  by 
action  or  motion,  between  persons  and  things,  is  a  happy  idea." — Brighton  Gazette. 
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GRATTAN.-THE  HISTORY  OF  THE  NETHERLANDS, 

From  the  Invasion  by  the  Romans  to  ,  i  e  Belg'ian  Ilevohition  in  1830.  By  T.  C.  Grattan, 
Esq.    1  vol.  fcp.  8vo.  with  Vignette  Title,  6s.  cloth. 

GRAY.-EICxURES  OE  MOLLUSCOUS  ANIMALS, 

Selected  from  various  Authors.  Etched  for  the  Use  of  Students.  By  Maria  Emma  Gray. 
Vol.  I.  pp.  40,  with  78  plates  of  Figures,  12s.  cloth. 

THE  GENERA  OF  BIRDS; 

Comprising  their  Generic  Characters,  a  Notice  of  the  Habits  of  each  Genus,  and  an  extensive 
List  of  Species,  referred  to  their  several  Genera.  By  George  Robkrt  Gray,  Acad.  Imp. 
Georg.  Florent.  Soc.  Corresp.  Senior  Assistant  of  the  Zoological  Department.  British  Museum  ; 
and  Author  of  the  "  List  of  the  Genea  of  Birds,"  &c.  &c.  Illustrated  with  Three  Hundred 
and  Fifty  imperial  quarto  Plates,  by  David  William  ^Iitchell.— In  preparation. 

%*  Publication  will  commence  when  One  Hundred  Subscribers'  Names  have  been  obtained. 
Prospectuses  maybe  obtained  of  all  Booksellers  ;  a  Specimen  maybe  seen  at  ttie  Publishers. 

GREENER.-THE  GUN; 

Or,  a  Treatise  on  the  various  Descriptions  of  Small  Fire  Arms.  By  W.  Greener,  Inventor  of 
an  improved  method  of  Firing  Cannon  by  Percussion,  &c.  8vo.  with  Illustrations,  15s.  boards. 

GREENER.-THE  SCIENCE  OF  GUNNERY, 

As  applied  to  the  Use  and  Construction  of  Fire  Arms.  By  William  Greener,  Author  of 
"The  Gun,"  &c.  With  numerous  Plates,  15s.  eloth. 

GRIGOR.-THE  EASTERN  ARBORETUM; 

Or,  Register  of  Remarkable  Trees,  Seats,  Gardens,  &c.  in  the  County  of  Norfolk.  With 
Popular  Delineations  of  the  British  Sylva.  By  Jambs  Grigor.  Illustrated  by  50  Drawings 
of  Trees,  etched  on  copper  by  H.  Ninham.   8vo.  17s.  6d.  cloth. 

GUEST. -THE  MABINOGION, 

From  the  Llyfr  Coch  o  Hergest,  or  Red  Book  of  Hergest,  and  other  ancient  Welsh  MSS. : 
with  an  English  Translation  and  Notes.   By  Lady  Charlotte  Guest. 

Part  1.  Containing  the  Lady  of  the  Fountain.    Royal  8vo.  with  Fac-simile  and  Woodcuts,  8s. 

Part  2.  Containing  Peredur  Ab  Evrawc ;  a  Tale  of  Chivalry.  Royal  8vo.  with  Fac-simile  and 
Woodcuts,  8s. 

Part  3.  Containing  the  Arthurian  Romance  of  Geraint,  the  Son  of  Erbin.   Royal  8vo.  with 

Fac-simile  and  Woodcuts,  8s. 
Part  4.  Containing  the  Romance  of  Kilhwch  and  Olwen.   Royal  8vo.  with  4  Illustrations  and 

Fac-simile,  8s. 

Part  5.  Containing  the  Dream  of  Rhonabwy,  and  the  Tale  of  Pwyll  Prince  of  Dyved.  Royal 
8vo.  8s. 

GUIDE  TO  ALL  THE  WATERING  &  SEA-BATHING  PLACES 

of  Great  Britain  ;  containing  full  and  accurate  Descriptions  of  each  place,  and  of  the  Curio- 
sities and  striking  Objects  in  the  Environs ;  and  forming  an  agreeable  and  useful  Companion 
during  a  residence  at  any  of  the  places,  or  during  a  summer  tour  in  quest  of  health  or 
pleasure:  with  a  Description  of  the  Lakes,  and  a  Tour  through  Wales.  New  Edition, 
including  the  Scotch  Watering  Places,  1  thick  vol.  18mo.  illustrated  by  94  Views  and 
Maps,  15s.  bound. 

GWILT.-AN  ENCYCLOPEDIA  OF  ARCHITECTURE; 

Historical,  Theoretical,  and  Practical.  By  Joseph  Gwilt,  Esq.  F.S.A.  Illustrated  with 
upwards  of  1000  Engravings  on  Wood,  from  Designs  by  J.  S.  Gwilt.  In  1  thick  vol.  8vo. 
containing  nearly  1300  closely-printed  pages,  £'2.  12s.  6d.  cloth. 

HALL.-NEW  GENERAL  LARGE  LIBRARY  ATLAS  OF 

FIFTY-THRF;E  maps,  on  Colombier  Paper;  with  the  Divisions  and  Boundaries  carefully 
coloured.  Constructed  entirely  from  New  Drawings,  and  engraved  by  Sidney  Hall.  New 
Edition,  thoroughly  revised  and  corrected ;  including  all  the  Alterations  rendered  necessary 
by  the  recent  Official  Surveys,  the  New  Roads  on  the  Continent,  and  a  careful  Comparison 
with  the  authenticated  Discoveries  published  in  the  latest  Voyages  and  Travels.  Folded  in 
half,  Nine  Guineas,  half-bound  in  russia ;  full  size  of  the  Maps,  Ten  Pounds,  half-bound  in 
russia. 

The  following  Maps  have  heen  re-engraved,  from  entirely  new  designs— Ireland,  South  Africa,  Turkey  in  Asia ; 
the  foUo^ving  have  been  materially  improved— Switaerland,  North  Italy^  South  Italy,  Egypt,  Central  Germany, 
Southern  Germany,  Greece,  Austria,  Spain  and  Portugal;  a  new  mapof  Cliina,  corrected  from  the  recent  government 
survey  of  the  coast  from  Canton  to  Nankin  (to  which  is  appended,  the  Province  of  Canton,  on  an  enlarged  scale,  in 
a  separate  compartment),  has  since  been  added. 
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HALSTED.-LIFE  AND  TIMES  OF  RICHARD  THE  THIRD, 

as  Duke  of  Gloucester  and  King  of  England :  in  whicli  all  the  Charges  against  him  are  care- 
fully investigated  and  compared  with  the  Statements  of  the  Cotemporary  Authorities.  By 
Caroline  A.  Halsted,  Author  of  "  The  Life  of  Margaret  Beaufort."  2  vols,  with  an  original 
Portrait  never  before  published.— //z  the  press. 

HAND-BOOK  OF  TASTE; 

Or,  How  to  Observe  Works  of  Art,  especially  Cartoons,  Pictures,  and  Statues.  By  Fabius 
PiCTOR.    Fcp.  8vo.  3s.  boards. 

"  In  these  days,  when  every  man  is  taught  to  be  his  ovm  lawyer,  his  own  physician,  and  so  forth,  we  see  no  reason 
why  he  should  not  be  liis  own  critic.  Here  is  a  little  vohime  telling  him  what  he  should  think  of  works  of  art,  how  he 
should  think,  and  why  he  should  think.  The  author  ijives  a  number  of  excellent  maxims  for  obsei*ving  pictures  and 
judging  of  them  in  all  their  detail  of  handling,  colouring,  grouping,  and  so  forth.  We  can  commend  tlie  work  as 
cleverly  written,  and  propounding  correct  views  on  art." — CouaT  JuuaNAL. 

HANSARD.-TROUT  AND  SALMON  FISHING  IN  WALES. 

By  G.  A.  Hansard.   12mo.  6s.  6d.  cloth. 

HARCOURT.-THE  DOCTRINE  OF  THE  DELUGE ; 

Vindicating  the  Scriptural  Account  from  the  Doubts  which  have  recently  been  cast  upon  it  by 
Geological  Speculations.   By  the  Rev.  L.  Vernon  Harcourt.   2  vols.  8vo.  3Gs.  cloth. 

IIARFORD.-LIFE  OF  THOMAS  BURGESS,  D.D.  F.R.S.  &c. 

Late  Lord  Bishop  of  Salisbury.  By  John  S.  Harford,  Esq.  D.C.L.  F.L.S.  2d  Edition,  with 
additions,  fcp.  8vo.  with  Portrait,  8s.  6d.  cloth. 

HAWKER.-INSTRUCTIONS  TO  YOUNG  SPORTSMEN 

In  all  that  relates  to  Guns  and  Shooting.  By  Lieut.  Col.  P.  Hawker.  8th  Edition,  corrected, 
enlarged,  and  improved,  with  numerous  explanatory  Plates  and  Woodcuts,  8vo.  j6'1.  Is.  cloth. 

HENSLOW.-THE  PRINCIPLES  OF  DESCRIPTIVE  AND 

PHYSIOLOGICAL  BOTANY.  By  J.  S.  Henslow,  M.A.  F.L.S.  &c.  1  vol.  fcp.  8vo.  with 
Vignette  Title,  and  nearly  70  Woodcuts,  6s.  cloth. 

HERSCHEL.-A  TREATISE  ON  ASTRONOMY. 

By  Sir  John  Herschel.    New  Edition.   1  vol.  fcp.  8vo.  Vignette  Title,  6s.  cloth. 

HERSCHEL.-A  PRELIMINARY  DISCOURSE   ON  THE 

STUDY  OF  NATURAL  PHILOSOPHY.  By  Sir  John  Herschel.  New  Edition,  1vol. 
fcp.  8vo.  with  vignette  title,  6s.  cloth. 

HINTS  ON  ETIQUETTE  AND  THE  USAGES  OF  SOCIETY : 

With  a  Glance  at  Bad  Habits.  By  hyoiyns.  "Manners  make  the  man."  25th  Edition, 
revised  (with  additions)  by  a  Lady  of  Rank.  Fcp.  8vo.  2s.  6d.  handsomely  bound  in  fancy 
cloth,  gilt  edges. 

General  Observations ;  Introductions— Letters  of  Introduction— Marriage— Dinners— Smoking; 
Snuff— Fashion— Dress— Music— Dancing— Conversation— Advice  to  Tradespeople— Visiting ; 
Visiting  Cards— Cards— Tattling— Of  General  Society. 

HOARE.-A  PRACTICAL  TREATISE  ON  THE  CULTIVATION 

OF  THE  GRAPE  VINE  ON  OPEN  WALLS.  By  Clement  Hoare.  3d  Edition,  8vo. 
7s.  6d.  cloth. 

Introduction  ;  Observations  on  the  present  Method  of  Cultivating  Grape  Vines  on  open  Walls  ; 
on  the  capability  and  extent  of  the  Fruit-bearing  Powers  of  the  Vine;  on  Aspect;  on  Soil ; 
on  Manure ;  on  the  Construction  of  Walls  ;  on  the  Propagation  of  Vines ;  on  the  Pruning  of 
Vines ;  on  the  Training  of  Vines ;  on  the  Management  of  a  Vine  during  the  first  five  years  of 
its  growth ;  Weekly  Calendarial  Register ;  General  Autumnal  Prunings ;  on  the  Winter 
Management  of  the  Vine  ;  on  the  Planting  and  Management  of  Vines  in  the  public  thorough- 
fares of  towns  ;  Descriptive  Catalogue  of  twelve  sorts  of  Grapes  most  suitably  adapted  for 
Culture  on  open  Walls. 

HOLLAND.-PROGRESSIVE  EDUCATION; 

Or,  Considerations  on  the  Course  of  Life.  Translated  from  tlie  French  of  Sladame  Necker  de 
Saussure.   By  .Miss  Holland.   3  vols.  fcp.  8vo.  19s.  6d.  cloth. 

*»*  The  Third  Volume,  forming  an  appro])riate  conclusion  to  the  first  two,  separately,  7s.  6d. 

HOLLAND.-A  TREATISE  ON  THE  MANUFACTURES  IN 

METAL.  By  J.  Holland,  Esq.  3  vols.  fcp.  8vo.  Vignette  Titles,  and  about  300  Woodcuts, 
18s.  cloth. 


12 


CATALOGUE  OF  NEW  WORKS 


HOLLAND-MEDICAL  NOTES  AND  REFLECTIONS. 

By  Henry  Holland,  M.D.  F.R.S.  &c.  Fellow  of  the  Royal  College  of  Physicians,  Physician 
Extraordinary  to  the  Queen,  and  Physician  in  Ordinary  to  His  Royal  Highness  Prince  Albert. 
2d  Edition,  1  vol.  8vo.  pp.  654, 18s.  cloth. 

HOOKER.-THE  BRITISH  ELORA, 

Vol.  1  ;  comprising  Phaenogamous  or  Flowering  Plants,  and  the  Ferns.  By  Sir  William 
Jackson  Hooker,  K.H.  LL.D.  F.R.A.  and  L.S.  &c.  &c  &c.  Fifth  Edition,  with  Additions 
and  Corrections;  and  173  Figures  illustrative  of  the  Umbelliferous  Plants,  the  Composite 
Plants,  the  Grasses,  and  the  Ferns.  In  Two  Vols.  8vo.  pp.  502,  with  12  Plates,  14s.  plain ; 
with  the  plates  coloured,  24s.  cloth. 

Vol.  2,  in  Two  Parts,  completing  the  British  Flora,  24s.  boards. 

HOOKER-COMPENDIUM  OE  THE  ENGLISH  FLORA. 

2d  Edition,  with  Additions  and  Corrections.   By  Sir  W.  J.  Hooker.  12mo.  7s.  6d.  cloth. 
THE  SAME  IN  LATIN.   5th  Edition,  12mo.  7s.  6d. 

HOOKER.-ICONES  PLANTARUM ; 

Or,  Figures,  with  brief  Descriptive  Characters  and  Remarks,  of  New  and  Rare  Plants,  selected 
from  the  Author's  Herbarium.  By  Sir  W.  J.  Hooker,  K.H.  LL.D.  &c.  4  vols.  Svo.  with 
400  Plates,       12s.  cloth. 

HOOKER  AND  TAYLOR.-MUSCOLOGIA  BRITANNICA. 

Containing  the  Mosses  of  Great  Britain  and  Ireland,  systematically  arranged  and  described ; 
with  Plates,  illustrative  of  the  character  of  the  Genera  and  Species.  By  Sir  W.  J.  Hooker 
and  T.  Taylor,  M.D.  F.L.S.,  &c.  2d  Edition,  Svo.  enlarged,  31s.  6d.  plain  ;  ^3.  3s.  coloured. 

HO¥ITT  (MARY). -THE  HOME. 

Or,  Family  Cares  and  Family  Joys.  By  Fuederika.  Bremer.  Translated,  by  Mary 
HowiTT.   2d  Edition,  2  vols,  post  Svo.  21s.  boards. 

Miss  Bremer  possesses,  beyond  any  other  living  writer  of  her  class,  the  power  of  realising  to  the  imagination 
every  individual  she  introduces.  There  is  scarcely  a  single  person  in  her  multitudinoxis  groups  that  does  not  stand 
out  pulpably  in  his  living  lineaments.  The  minute  fidelity  of  her  details,  the  vivid  distinctness  with  which  every 
mental  struggle  and  secret  emotion  is  traced;  the  moral  beauty  and  womanly  purity  which  steadily  illuminate 
her  narrative ;  and  the  calm  Christian  philosophy  out  of  which  all  its  earnest  lessons  of  truth,  and  justice,  and  resig- 
nation, and  serene  wisdom,  are  drawn,  must  receive  implicit  admiration  on  all  hands." — Examiner. 

HOWITT  (MARY). -THE  NEKJHBOURS  : 

A  Story  of  Every-day  Life  in  Sweden.  By  Frederika  Bremer.  Translated  by  Mary 
HowiTT.   3d  Edition,  2  vols,  post  Svo.  18s.  boards. 

HOWITT  (MARY).-THE  PRESIDENT'S  DAUGHTERS, 

Including  Nina.  By  Frederika  Bremer.  Translated  by  Mary  Howitt.  3  vols, 
post  Svo.  31s.  6d.  boards. 

"  *  The  President's  Daughters'  is  a  worthy  companion  to  *  The  Neighbours' — simple  and  truthful ;  and  though  we 
may  never  have  met  elsewhere  any  one  of  tlie  characters,  all  who  have  ever  looked  deeply  into  their  own  hearts  will 
claim  kindred  and  acquaintance  with  them.  There  is  not  one  that  offends  by  exaggeration — not  one  that  is  not 
recognised  at  a  glance  by  the  humanities  of  our  common  nature — they  are  creatures  of  flesh  and  blood,  and  walk 
the  stage  of  life  as  it  has  "been  trod  for  ages,  and  will  be  trod  for  ever.  No  impossible  vice,  no  super-human  virtue, 
startles  us  in  Miss  Bremer's  page  :  we  recognise  in  her  heroes  and  heroines  men  and  women  with  whom  we  ourselves 
could  ha\-e  lived  and  been  happy." — AxHENiEtiM. 

HOWITT.-THE  RURAL  LIEE  OE  ENGLAND. 

By  William  Howitt,  New  Edition,  medium  Svo.  with  Engravings  on  wood,  by  Bewick  and 
Williams,  uniform  with  "  Visits  to  Remarkable  Places,"  21s.  cloth. 


Life  of  the  Aristocracy. 
Life  of  the  Agricultural  Population. 
Picturesque  and  Moral  Features  of  the  Country. 
Strong  Attachment  of  the  English  to  Country 
Life. 


The  Forests  of  England. 

Habits,  Amusements,  and  Condition  of  the 
People ;  in  which  are  introduced  Two  New 
Chapters,  descriptive  of  the  Rural  Watering 
Places,  and  Education  of  the  Rural  Population. 


HOWITT.-YISITS  TO  REMARKABLE  PLACES; 

Old  HaUs,  Battle-Fields,  and  Scenes  illustrative  of  Striking  Passages  in  English  History  and 
Poetry.  By  William  Howitt.  New  Edition,  medium  Svo.  with  40  Illustrations  by 
S.  Williams,  21s.  cloth. 

SECOND  SERIES,  chiefly  in  the  Counties  of  DURHAM  and  NORTHUMBERLAND,  with  a 
Stroll  along  the  BORDER.  1  vol.  medium  Svo.  with  upwards  of  40  highly-finished  Woodcuts, 
from  Drawings  made  on  the  spot  for  this  work,  by  Messrs.  Carmichael,  Richardsons,  and 
Weld  Taylor,  21s.  cloth. 


PRINTED  FOR  LONGMAN,  BROWN,  AND  CO. 
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HOWITT.-EUML  AND  DOMESTIC  LIFE  OF  GERMANY : 

With  Characteristic  Sketches  of  its  Chief  Cities  and  Scenery.  Collected  in  a  General  Tour, 
and  durino;  a  Residence  in  that  Country  in  the  Years  1840-42.  By  William  Howitt, 
Author  of  "  The  Rural  Life  of  England,"  "  Visits  to  Remarkable  Places,"  "  The  Boy's 
Country  Book,"  &c.    1  vol.  medium  8vo.  with  above  50  Illustrations,  21s.  cloth. 

"  We  cordially  record  our  conviction  of  the  value  of  Mr.  Howitt's  volume,  and  strongly  recommend  its  eitrlv  perusal 
It  IS  both  mstructive  and  entertaining,  and  will  be  found  to  familiarize  the  English  reader  with  forms  of  character 
and  mode^  of  social  life,  vastly  difFerent  from  anytliing  witnessed  at  home,"— Eclectic  Review. 

HOWITT.-THE  STUDENT-LIFE  OF  GERMANY. 

From  the  Unpublished  MSS.  of  Dr.  Cornelius.  By  William  HovifiTT.  8vo.  with  24  Wood- 
Engravings,  and  Seven  Steel  Plates,  21s.  cloth. 

•     This  volume  contains  Forty  of  the  most  famous  Student-Songs,  with  the  Original  Music  adapted  to  the 
X^ianoforte  by  Winkelmeyer.  ' 

HOWITT.-COLONISATION  AND  CHRISTIANITY: 

A  Popular  History  of  the  Treatment  of  the  Natives,  in  all  their  Colonies,  by  the  Europeans. 
By  William  Howitt.   1  vol.  post  8vo.  10s.  6d.  cloth. 

HOWITT.-THE  BOY'S  COUNTRY  BOOK: 

Being  the  real  Life  of  a  Country  Boy,  written  by  himself;  exhibiting  all  the  Amusements, 
Pleasures,  and  Pursuits  of  Children  in  the  Country.  Edited  by  William  Howitt,  Author 
of  "  The  Rural  Life  of  England,"  &c.  2d  Edition,  1  vol.  fcp.  8vo.  with  about  40  Woodcuts, 
8s.  cloth.  ' 

HUDSON.-THE  PARENT'S  HAND-BOOK; 

Or,  Guide  to  the  Choice  of  Professions,  Employments,  and  Situations  ;  containing  useful  and 
practical  Information  on  the  subject  of  placing  out  Young  Men,  and  of  obtaining  their  Edu- 
cation with  a  view  to  particular  occupations.  By  J.  C.  Hudson,  Esq.  Author  of  "  Plain 
Directions  for  Making  Wills."   Fcp.  8vo.  pp.  254,  5s.  cloth. 

"  This  volume  will  be  found  useful  to  any  parent  who  is  painfully  meditating  upon  that  difficult  subject  how  or  where  he 
can  best  place  his  sons  m  the  wiirkl."—Si'ECTAT()B. 

HUDSON.-PLAIN  DIRECTIONS  FOR  MAKING  WILLS 

In  Confomity  with  the  Law,  and  particularly  with  reference  to  the  Act  7  Will.  4  and  1  Vict. 
c.  26.  To  which  is  added,  a  clear  Exposition  of  the  Law  relating  to  the  distribution  of  Per- 
sonal Estate  in  the  case  of  Intestacy ;  with  two  Forms  of  Wills,  and  much  useful  information, 
&c.  By  J.  C.  Hudson,  of  the  Legacy  Duty  Office,  London.  12th  Edition,  corrected,  with 
notes  of  cases  judicially  decided  since  the  above  Act  came  into  operation.  Fcp.  8vo.  2s.  6d. 
cloth,  gilt  edges. 

HUDSON.-THE  EXECUTOR'S  GUIDE. 

By  J.  C.  Hudson.   3d  Edition,  fcp.  8vo.  5s.  cloth. 

*»*  The  above  two  works  may  be  had  in  1  volume,  price  7s.  cloth. 

INGEMANN.-KING  ERIC  AND  THE  OUTLAWS; 

Or,  the  Throne,  the  Church,  and  the  People.  By  Ingemann.  Translated  from  the  Danish 
by  Jane  Frances  Chapman.   3  vols,  post  8vo.  ,'!ls.  6d.  boards. 

"  This  tale  introduces  us  into  new  and  fertile  ground,— Denmark  in  the  thirteenth  century.  The  characters  are 
all  drawn  from  Danish  history  :  the  story  itself  is  full  of  incident  and  adventure.  The  author  boldly  plunges  at  once 
111  medias  res  ;  and  we  recollect  few  novels  in  which  the  attention  of  the  reader  is  more  quickly  interested,  or  mo  e 
completely  absorbed.  The  characters  are  struck  off  with  a  shrewd  intelligence,  and  contrast  admirably;  and  the 
whole  tale  is  original,  lively,  and  varied  in  no  common  degree,  reminding  us  of  the  diivalric  spirit  of  Scott." 

JACKSON.-PICTORIAL  FLORA ; 

Or,  British  Botany  delineated,  in  1500  Lithographic  Drawings  of  all  the  Species  of  Flowering 
Plants  indigenous  to  Great  Britain  ;  illustrating  the  descriptive  works  on  English  Botany  o'f 
Hooker,  Lindley,  Smith,  &c.   By  Miss  Jackson.   8vo.  15s.  cloth. 

JACKSON,  &C.-THE  MILITARY  LIFE  OF  FIELD-MARSHAL 

THE  DUKE  OF  WELLINGTON,  K.G.  &c.  &c.  By  Major  Basil  Jackson,  and  Captain 
C.  RocH  fort  Scott,  late  of  the  Royal  Staff  Corps.  2  vols.  8vo.  with  Portraits  and  numerous 
Plans  of  Battles,  30s.  cloth. 

JAMES.-EVA  ST.  CLAIR ; 

And  other  Collected  Tales.   By  G.  P.  R.  James,  Esq.  2  vols,  post  8vo.  21s.  boards. 
Also,  by  the  same  Author, 
The  Jacquerie— The  Ancient  R($gime— Corse  de  Leon— The  King's  Highway— Henrv  of 
Guise— The  Huguenot— The  Gentleman  of  the  Old  School— The  Robber— Life  and  Adventures 
of  John  Marston  Hall— Mary  of  Burgundy— One  in  a  Thousand— Attila.   Each  in  3  vols  DOSt 
8vo.  31s.  6d.  boards. 
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JAMES -A  HISTORY  OF  THE  LIEE  OE  EDWARD  THE 

DLACK  PRINCE,  and  of  various  Events  connected  therewith,  which  occurred  during  the 
Reign  of  Edward  III.  King  of  England.  By  G.  P.  R.  James,  Esq.  2d  Edition,  2  vols, 
fcp.  8vo.  with  Map,  15s.  cloth. 

JAMES.-LIYES  OF  MOST  EMINENT  FOREIGN  STATESMEN. 

By  G.  P.  R.  James,  Esq.,  and  E.  E.  Crowe,  Esq.  5  vols.  fcp.  8vo.  with  Vignette  Titles, 
30s.  cloth. 

JEFFREY'S  (LORD)  CONTRIBUTIONS  TO  THE  EDINBURGH 

REVIEW.   4vols.  8vo. 

An  announcement  having  been  made  by  an  American  publisher  that  Lord  Jeffrey  had  made  a  selection  of  his 
writings  with  a  view  to  American  publication,  Messrs.  Longman  and  Co.  are  authorised  to  contradict  Uiat  statement. 

JOHNSON.-THE  FARMER'S  ENCYCLOPiEDIA, 

And  Dictionary  of  Rural  Aifairs :  embracing  all  the  recent  Discoveries  m  Agricultural  Che- 
mistry ;  adapted  to  the  comprehension  of  unscientific  readers.  By  Cuthbekt  W.  Johnson, 
Esq.  F.R.S.  Barrister-at-Law,  Corresponding  Member  of  the  Agricultural  Society  of  Konigs- 
berg,  and  of  the  Maryland  Horticultural  Society ;  Author  of  several  of  the  Prize  Essays  of 
the  Royal  Agricultural  Society  of  England;  and  other  Agricultural  Works;  Editor  of  the 
"  Farmer's  Almanack,"  &c.  1  thick  vol.  8vo.  pp.  1324,  illustrated  by  Wood  Engravings  of  the 
best  and  most  improved  Agricultural  Implements,  ^'2. 10s.  cloth. 

KANE-ELEMENTS  OF  CHEMISTRY ; 

Including  the  most  Recent  Discoveries  and  Applications  of  the  Science  to  Medicine  and 
Pharmacy,  and  to  the  Arts.  By  Robert  Kane,  M.D.  M.R.I.A.,  Professor  of  Natural 
Philosophy  to  the  Royal  Dublin  Society.   1  thick  volume,  8vo.  with  236  Woodc.  ts,  24s.  cloth. 

KATER  AND  LARDNER.-A  TREATISE  ON  MECHANICS. 

By  Captain  Kater  and  Dr.  Lardner.  New  Edition.  1  vol.  fcp.  8vo.  Vignette  Title,  and  19 
Plates,  comprising  224  distinct  figures,  6s.  cloth, 

KEIGHTLEY.-THE  HISTORY  OF  ENGLAND. 

By  Thomas  Keightley,  Esq.  In  2  vols.  12rao.  pp.  1206, 14s.  cloth;  or  bound,  15s. 

For  tlie  convenience  of  Schools,  the  volumes  will  always  be  sold  separately, 

KEIGHTLEY.-AN  ELEMENTARY  HISTORY  OF  ENGLAND. 

By  Thomas  Keightley,  Esq.,  Author  of  "  A  History  of  England,"  "Greece,"  "Home," 
"  Outlines  of  History,"  &c.  &c.   12mo.  pp.  364,  5s.  bound. 

KEIGHTLEY.-  THE  HISTORY  OF  GREECE. 

ByTHOMAS  Keightley,  Esq.  Thirdedit.  12mo.pp.508,6s.6d.  cloth,or7s.bound. 
ELEMENTARY  HISTORY  of  GREECE,  18mo.  pp,  264,  3s,  6d.  bound. 

KEIGHTLEY.-THE  HISTORY  OF  ROME 

To  the  end  of  the  Republic.  By  Thomas  Keightley,  Esq.  Tliird  edition,  12mo.  pp.  512, 
6s.  6d.  cloth ;  or  7s.  bound. 

ELEMENTARY  HISTORY  of  ROME,  18mo.  pp.  294,  3s.  6d.  bound. 

KEIGHTLEY.-THE  HISTORY  OF  THE  ROMAN  EMPIRE, 

From  the  Accession  of  Augustus  to  the  end  of  the  Empire  in  the  West.   By  T.  Keightley, 
Esq.   12mo.  pp.  456,  6s.  6d.  cloth,  or  7s.  bound. 
QUESTIONS  on  the  HISTORIES  of  ENGLAND,  Parts  1  and  2,  pp.  56  each;  ROME,  3d  edit, 
pp.  40 ;  GREECE,  3d  edit.  pp.  42.   12mo.  sewed.  Is.  each. 

KEIGHTLEY.-OUTLINES  OF  HISTORY, 

From  the  Earliest  Period.  By  Thomas  Keightley,  Esq.  New  Edition,  corrected  and  con- 
siderably improved,  Icp.  8vo.  pp.  468,  6s.  cloth  ;  or  6s.  6d.  bound. 

KIPPIS.-A  COLLECTION  OF  HYMNS  AND  PSALMS, 

For  Public  and  Private  Vv^orship.  Selected  and  prepared  by  A.  Kippis,  D.D.,  Abraham 
Rees,  D.D.,  the  Rev.  Thomas  Jervis,  and  the  Rev.  T.  Morgan.  To  which  is  added,  a 
Supplement.   New  Edition,  corrected  and  improved,  18mo.  5s.  bound. 
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KIRBY  &  SPENCE.-AN  INTRODUCTION  TO  ENTOMOLOGY  • 

Or,  Elements  of  the  Natural  History  of  Insects  :  comprising-  an  account  of  noxious  and  useful 
Insects,  of  their  Metamorphoses,  Food,  Stratagems,  Habitations,  Societies,  Motions,  Noises, 
Hybernation,  Instinct,  &c.  By  W.  Kirby,  M.A.  F.R.S.  &  L.S.  Rector  of  Barham  ;'  and  w! 
SPENCE,Esq.  F.R.S.  &L.S.   6th  Edit,  corrected  and  much  enlarged,  2  vols.  8vo.  31s.  6d.  cloth. 

fiT'^H  ■'^li^* r'".T^  ?^  "  I^tldictioQ  to  Entomology"  are  published  as  a  separate  work,  distinct  from 
the  third  and  fourth  volumes  and,  though  much  enlarged,  at  a  considerable  reduction  of  price,  in  order  that 

[  KNAPP.-GRAMINA  BRITANNICA; 

Or,  Representations  of  the  British  Grasses  :  with  Remarks  and  occasional  Descriptions.  By 
I.  L.  KffAPP,  Esq.  F.L.S.  &  A.S.  2d  Edition,  4to.  with  118  Plates,  beautifully  coloured 
pp.  250,  ^'3.  16s.  boards. 

LAING.-A  TOUR  IN  SWEDEN, 

In  1838 ;  comprising  observations  on  the  Moral,  Political,  and  Economical  State  of  the  Swedish 
Nation.    By  Samuel  Laing,  Esq.   8vo.  12s.  cloth. 

LAING.  -  NOTES  OF  A  TRAVELLER, 

On  the  Social  and  Political  State  of  France,  Prussia,  Switzerland,  Italy,  and  other  parts  of 
Europe,  during  the  present  century.   By  Samuel  Laing,  Esq.   2d  Edition,  8vo  16s  cloth 

LAING.-JOURNAL  OF  A  RESIDENCE  IN  NORWAY 

During  the  years  1834, 1835,  and  1836 ;  made  with  a  view  to  inquire  into  the  Rural  and  Political 
Economy  of  that  Country,  and  the  Condition  of  its  Inhabitants.  By  Samuel  Laing  Esq 
2d  Edition,  8vo.  14s.  cloth.  '  ^' 

LAING.-THE  CHRONICLE  OF  THE  KINGS  OF  NORWAY 

From  the  Earliest  Period  of  the  History  of  the  Northern  Sea  Kings  to  the  Middle  of  the  Twelfth 
Century,  commonly  called  the  Heimskringla.  Translated  from  the  Icelandic  of  Snorro 
bturleson,  with  Notes,  and  a  Preliminary  Discourse,  by  Samuel  Laing,  Author  of  "  A 
Residence  in  Nonvay,"  "  A  Tour  in  Sweden,"  "  Notes  of  a  Traveller,"  &c 

LARDNER'S  CABINET  CYCL0PJ5DIA; 

Comprising  a  Series  of  Original  Works  on  History,  Biography,  Literature,  the  Sciences,  Arts 
and  Manufactures.    Conducted  and  edited  by  Dr.  Lardne a. 
The  Series,  complete,  in  One  Hundred  and  Thirty-three  Volumes,  ^39.  18s.   (Three  volumes 
remain  to  be  published.)  The  works,  separate,  6s.  per  volume. 

LARDNER.-A  TREATISE  ON  ARITHMETIC. 

By  D.  Lardner,  LL.D.  F.R.S.   1  vol.  fcp.  8vo.  with  Vignette  Title,  6s.  cloth  lettered. 

LARDNER.-A  TREATISE  ON  ELECTRICITY  &  MAGNETISM 

By  Dr.  Lardner.   2  vols.  fcp.  8vo.  12s.   (Vol.  2  is  in  the  press.) 

LARDNER.-A  TREATISE  ON  GEOMETRY 

And  its  Application  to  the  Arts.  By  Dr.  Lardner.  1  vol.  fcp.  8vo.  Vio-nette  Title  and 
upwards  of  200  figures,  6s.  cloth.  °vu.  ,i„«eue  ime,  ana 

LARDNER.-A  TREATISE  ON  HEAT. 

By  D.  Lardner,  LL.D.,  &c.   I  vol.  fcp.  8vo.  with  Woodcuts  and  Vignette  Title,  6s.  cloth 

^\^A?Tff    n^T  TREATISE  ON  HYDROSTATICS  AND  PNEU- 

MAflCS.   By  Dr.  Lardner.   New  Edition.    1  vol.  fcp.  8vo.  6s.  cloth  -^-l^-L"^ 

LECTURES  ON  POLARISED  LIGHT, 

Dehvered  before  the  Pharmaceutical  Society,  and  in  the  Medical  School  of  the  London 
Hospital.   8vo.  Illustrated  by  above  50  Woodcuts,  5s.  6d.  cloth.  i^onaon 

L.  E.  L.-THE  POETICAL  WORKS  OF  LETITIA  ELIZABETH 

LANDON.    New  Edition  (1839),  4  vols.  fcp.  8vo.  with  Illustrations  by  Howard,  &c  28s  cloth 
lettered ;  or  handsomely  bound  in  morocco,  with  gilt  edges,  ^'2.  4s. 

The  following  may  be  had  separately  :— 

THE  IMPROVISATRICE   lOs.  6d.  ,  THE  GOLDEN  VIOLET  in= 

THE  VENETIAN  BRACELET..  10s.  6d.  |  THE  TROUBADOUR^  .  ^  \t 

LIFE  OF  A  TRAVELLING  PHYSICIAN, 

From  his  first  Introduction  to  Practice  ;  including  20  Years'  Wanderino-s  throurhont  thp 
greater  pa  t  of  Europe.   3  vols,  post  8vo.  3  coloured  Plates,  31s.  6d.  cloth. 
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CATALOGUE  OF  NEW  WORKS 


LIGHTER  HOURS : 

A  Series  of  Poems.   By  an  Etonian.   Fcp.  8vo.  5s.  cloth. 

LINDLEY.-INTRODUCTION  TO  BOTANY. 

By  Prof.  J.  LiNDLEY,  Ph.D.  F.R.S.  L.S.  &c.  3d  Edition  (1839),  with  Corrections  and  consi- 
derable Additions,  1  large  vol.  Svo.  pp.  606,  with  Six  Plates  and  numerous  Woodcuts,  18s.  cloth. 

LINDLEY.-A  NATURAL  SYSTEM  OE  BOTANY ; 

Or,  a  Systematic  View  of  the  Organization,  Natural  Affinities,  and  Geographical  Distribution 
of  the  whole  Vegetable  Kingdom  ;  together  with  the  uses  of  the  most  important  species  in 
Medicine,  the  Arts,  and  Rural  or  Domestic  Economy.  By  John  Lindley,  Ph.D.,  F.R.S., 
L.S.,  &c.  2d  Edition,  with  numerous  additions  and  corrections,  and  a  complete  List  of 
Genera,  with  their  synonyms.   Svo.  18s.  cloth. 

LINDLEY.-ELORA  MEDICA; 

A  Botanical  Account  of  all  the  most  important  Plants  used  in  Medicine,  m  different  Parts  of 
the  World.   By  John  Lindley,  Ph.D.,  F.R.S.,  &c.   1  vol.  Svo.  18s.  cloth  lettered. 

LINDLEY.  SCHOOL  BOTANY ; 

Or,  an  Explanation  of  the  Characters  and  Differences  of  the  principal  Natural  Classes  and 
Orders  of  Plants  belonging  to  the  Flora  of  Europe,  in  the  Botanical  Classification  of  De 
C^NDOLLE.  For  the  use  of  Students  preparing  for  their  matriculation  examination  in  the 
University  of  London,  and  applicable  to  Botanical  Study  in  general.  By  John  Lindley, 
Ph  D   F  R  S.,  &c.   1  vol.  fcp.  Svo.  with  upwards  of  160  Woodcuts,  6s.  cloth  lettered. 

LINDLEY.-A  SYNOPSIS  OF  THE  BRITISH  ELORA, 

Arranged  according  to  the  Natural  Orders.  By  Professor  John  Lindley,  Ph.D.,  F.R.S.,  &c. 
The  3d  Edition,  with  numerous  additions,  corrections,  and  improvements,  12mo.  pp.  390, 
10s.  6d.  cloth. 

LINDLEY.-THE  THEORY  OE  HORTICULTURE ; 

Or,  an  Attempt  to  Explain  the  Principal  Operations  of  Gardening  upon  Physiological  Prin- 
ciples.   By  John  Lindley,  Ph.D.,  F.R.S.    I  voL  Svo.  Illustrations  on  AVood.   12s.  cloth. 

This  book  is  written  in  the  hope  of  providine  the  intelligent  gardener,  and  the  scientific  amateur,  correctly  with 
the  rationalia  of  the  more  important  operations  of  Horticulture:  and  the  author  has  endeavoured  to  present  to  his 
readers  an  intelligible  explanation,  founded  upon  well-ascertained  facts,  which  they  can  ,udge  of  by  their  own  means 
of  observation,  of  the  general  nature  of  vegetable  actions,  and  of  the  causes  which,  wh.le  they  control  the  powers 
of  life  in  plants,  are  capable  of  being  regulated  by  themselves.  The  possession  of  such  knowledge  will  necessarily 
teach  them  how  to  improve  their  metliods  of  cultivation,  and  lead  them  to  tlie  discovery  of  new  and  better  modes. 

LINDLEY.-AN  OUTLINE  OE  THE  EIRST  PRINCIPLES  OE 

HORTICULTURE.  By  Professor  Lindley.    ISmo.  2s.  sewed. 

LINDLEY.-GUIDE  TO  ORCHARD  AND  KITCHEN  GARDEN; 

Or  an  Account  of  the  most  valuable  Fruits  and  Vegetables  cultivated  in  Great  Britain  :  with 
Kalendars  of  the  Work  required  in  the  Orchard  and  Kitchen  Garden  during  every  month  in 
the  year.  By  George  Lindley,  C.M.H.S.  Edited  by  Profkssor  Lindley.  1  large 
vol.  Svo.  16s.  boards. 

LLOYD.-A  TREATISE  ON  LIGHT  AND  VISION. 

By  the  Rev.  H.  Lloyd,  M.A.,  Fellow  of  Trin.  Coll.  Dubhn.   Svo.  15s.  boards. 

LORIMER.-LETTERS  TO  A  YOUNG  MASTER  MARINER, 

On  some  Subjects  connected  with  his  Calling.  By  Charles  Lorimer.  3d  edition,  12mo. 
with  an  Appendix,  5s.  6d.  cloth. 

LOUDON.-AN  ENCYCLOPEDIA  OE  TREES  AND  SHRUBS; 

being  the  "  Arboretum  et  Fruticetum  Britannicum"  abridged :  containing  the  Hardy  Trees 
and  Shrubs  of  Great  Britain,  Native  and  Foreign,  Scientifically  and  Popularly  Described ; 
with  their  Propagation,  Culture,  and  Uses  in  the  Arts ;  and  with  Engravings  of  nearly  all 
the  Species.  Adapted  for  the  use  of  Nurserymen,  Gardeners,  and  Foresters.  By  J.  C. 
Loudon,  F.L.S.  &c.  In  Svo.  pp.  1234,  with  upwards  of  2000  Engravings  on  Wood,  £1. 10s. 
bound  in  cloth- 

The  Original  Work  may  be  had  in  8  vols.  Svo.  with  above  400  Octavo  Plates  of  Trees,  and 
upwards  of  2500  Woodcuts,  £\<i,  cloth. 

LOUDON.-AN  ENCYCLOPJ]DIA  OE  GARDENING; 

Presenting,  in  one  systematic  view,  the  History  and  Present  State  of  Gardening  in  all  Coun- 
tries andlts  Theory  and  Practice  in  Great  Britain :  with  the  Management  of  the  Kitchen 
Garden,  the  Flower  Garden,  Laying-out  Grounds,  &c.  By  J.  C.  Loudon,  F.L.S.  &c.  A  New 
Edition,  enlarged  and  much  improved,  1  large  vol.  8vo.  with  nearly  1000  Engravings  on  Wood, 
pp.  1312,  50s.  cloth. 
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LOUDON.-AN  ENCTCLOPiEDIA  OF  AGRICULTURE; 

Comprising-  its  History  in  all  Countries ;  the  Principles  on  which  Agricultural  Operations 
depend,  and  theirApplication  to  Great  Britain  and  similar  Climates.  By  J.C.  Loudon.F.L.S. 
&c.  The  Third  Edition,  1  large  vol.  8vo.  pp.  1418,  with  nearly  1300  Wood  Engravinffs 
£1. 10s.  cloth.  ^  ' 

LOUDON.-AN  ENCYCLOPEDIA  OF  PLANTS; 

Including  all  the  Plants  which  are  now  found  in,  or  have  been  introduced  into,  Great  Britain ; 
giving  their  Natural  History,  accompanied  by  such  descriptions,  engraved  figures,  and 
elementary  details,  as  may  enable  a  beginner,  who  is  a  mere  English  reader,  to  discover  the 
name  of  every  Plant  which  he  may  find  in  flower,  and  acquire  all  the  information  respecting 
it  which  is  useful  and  interesting.  The  Specific  Characters  by  an  Eminent  Botanist;  the 
Drawings  by  J.  D.  C.  Sowerby,  F.L.S.  A  New  Edition  (1841),  with  a  New  Supplement,  com- 
prising every  desirable  particular  respecting  all  the  Plants  originated  in,  or  introduced  into, 
Britain  between  the  first  publication  of  the  work,  in  1829,  and  January  1840:  with  a  new 
General  Index  to  the  whole  work.  Edited  by  J.  C.  Loudon,  prepared  by  W.  H.  Baxter,  Jun. 
and  revised  by  George  Don,  F.L.S. ;  and  800  new  Figures  of  Plants  on  Wood,  from  Drawings 
by  J.  D.  C.  Sowerby,  F.L.S.  One  very  large  vol.  8vo.  with  nearly  10,000  Wood  EnCTavinffs 
pp.  1354,  ^3.  13s.  6d.  »       6  j 

The  New  Supplement  (1841),  separately,  8vo.  pp.  190, 15s.  cloth. 

LOUDON.-AN  ENCYCLOPJIDIA  OF  COTTAGE,  FARM,  AND 

VILLA  ARCHITECTURE  and  FURNITURE.  Containing  Designs  for  Cottages,  Villas,  Farm 
Houses,  Farmeries,  Country  Inns,  Public  Houses,  Parochial  Schools,  &c. ;  with  the  requisite 
Fittings-up,  Fixtures,  and  Furniture,  and  appropriate  Offices,  Gardens,  and  Garden  Scenery : 
each  Design  accompanied  by  Analytical  and  Critical  Remarks  illustrative  of  the  Principles  of 
Architectural  Science  and  Taste  on  which  it  is  composed,  and  General  Estimates  of  the  Expense. 
By  J.  C.  Loudon,  F.L.S.  &c.  New  Edition  (1842),  corrected,  with  a  Supplement,  containing 
160  additional  pages  of  letter-press  and  nearly  300  new  engravings,  bringing  down  the  work  to 
1842.  1  very  thick  vol.  8vo.  pp.  1326,  with  more  than  2000  Engravings  on  Wood,  £Z.  3^  cloth. 
*»*  The  New  Supplement,  separately,  8vo.  pp.  174,  7s.  6d.  sewed. 

LOUDON.-HORTUS  BRITANNICUS : 

A  Catalogue  of  all  the  Plants  indigenous  to  or  introduced  into  Britain.  The  3d  Edition  (1832), 
with  a  NEvir  Supplement,  prepared,  under  the  direction  of  J.  C.  Loudon,  by  W.  H.  Baxter, 
and  revised  by  George  Don,  F.L.S.   1  vol.  8vo.  pp.  766,31s.  6d.  cloth. 

The  First  Supplement  (1835)  separately,  8vo.  pp.  26,  2s.  6d.  sewed. 

The  Nevst  Supplement  (1839) *epara^c;3/,8vo.  pp.  742,  8s.  sewed. 

LOUDON. -THE  SUBURBAN  GARDENER  AND  VILLA 

COMPANION :  comprising  the  Choice  of  a  Villa  or  Suburban  Residence,  or  of  a  situation  on 
which  to  form  one ;  the  Arrangement  and  Furnishing  of  the  House ;  and  the  Laying-out, 
Planting,  and  general  Management  of  the  Garden  and  Grounds ;  the  whole  adapted  for  grounds 
from  one  perch  to  fifty  acres  and  upwards  in  extent;  intended  for  the  instruction  of  those 
who  know  little  of  Gardening  or  Rural  AflTairs,  and  more  particularly  for  the  use  of  Ladies. 
By  J.  C.  Loudon,  F.L.S.  &c.   1  vol.  8vo.  with  above  300  Wood  Engravings,  20s.  cloth. 

LOUDON.-HORTUS  LIGNOSIS  LONDINENSIS; 

Or,  a  Catalogue  of  all  the  Ligneous  Plants  cultivated  in  the  neighbourhood  of  London.  To 
which  are  added  their  usual  prices  in  Nurseries.    By  .T.  C.  Loudon,  F.L.S.  &c.  8vo.  7s.  6d. 

LOUDON.-ON    THE    LAYING-OUT,    PLANTING,  AND 

MANAGEMENT  of  CEMETERIES ;  and  on  the  Improvement  of  Churchyards.  By  J.  C. 
Loudon,  F.L  S.  &c.  8vo.  with  60  Engravings,  12s.  cloth. 

LOW.-THE  BREEDS  OF  THE  DOMESTICATED  ANIMALS 

of  Great  Britain  described.  By  David  Low,  Esq.  F.R.S.E.  Professor  of  Agriculture  in  the 
University  of  Edinburgh ;  Member  of  the  Royal  Academy  of  Agriculture  of  Sweden;  Corre- 
sponding Member  of  the  Conseil  Royal  d'Agriculture  de  France,  of  the  Society  Royale  et 
Centrale,  &c.  &c.  The  Plates  from  Drawings  by  W.  Nicholson,  R.S.A.  reduced  from  a  Series 
of  Oil  Paintings,  executed  for  the  Agricultural  Museum  of  the  University  of  Edinburgh,  by 
W.  Shiels,  R.S.A.  2  vols,  atlas  quarto,  with  fifty-two  plates  of  animals,  beautifully  coioured 
after  Nature,  ^16. 16s.  half-bound  in  morocco. 

Or  in  four  separate  portions,  as  follow  :— 

The  OX,  in  1  vol.  atlas  quarto,  with  22  plates,  ^6. 16s.  6d.  half-bound  in  morocco. 

Tlie  SHEEP,  in  1  vol.  atlas  quarto,  with  21  plates,  ^6.  16s.  6d.  half-bound  in  morocco. 

The  HORSE,  in  1  vol.  atlas  quarto,  with  8  plates,       half-bound  in  morocco. 

The  HOG,  in  1  vol.  atlas  quarto,  with  5  plates,  £2.  2s.  haif-bound  in  morocco. 
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CATALOGUE  Or  NEW  WORKS 


L0¥ -ELEMENTS  OE  PRACTICAL  AGRICULTURE ; 

Comprehending:  the  Cultivation  of  Plants,  the  Husbandry  of  the  Domestic  Animals,  and  the 
Economy  of  the  Farm.  By  David  Low,  Esq.  F.R.S.E.,  Professor  of  Agriculture  in  the  Uni- 
versity of  Edinburgh.  8vo.  4th  Edition,  with  Alterations  and  Additions,  and  above  200  Wood- 
cuts, 21s.  cloth. 

The  opinion  of  the  public  has  been  pronounced  in  favour  of  this  excellent  book  in  a  manner  not  to  be  mistaken. 
It  is  the  best  treatise  on  agriculture  in  the  language,  and  this  is  much  the  best  edition  of  it.  A  passage  in  the  preface 
is  so  full  of  practical  wisdom,  and  is  applicable  with  so  much  justice  to  agricultural  affairs  in  their  present  state,  that 
■we  cannot  do  better  than  quote  it,  partly  for  its  intrinsic  value,  and  partly  as  an  indication  of  the  manner  in  which 
Professor  Low  has  extended  the  matter  of  his  valuable  pages." — PaorESSoa  Lindlet  in  the  Gardener's  Chronicle. 

MACAULAY.-CRITICAL  AND  HISTORICAL  ESSAYS  CON- 

TRIBUTED  to  the  EDINBURGH  REVIEW.  By  the  Right  Hon.  Thomas  Babingtox 
Macaulay.   2d  Edition,  3  vols.  8vo.  36s.  cloth. 

MACAULAY.-LAYS  OF  ANCIENT  ROME. 

By  T.  B.  Macaulay,  Esq.   3d  Edition,  crown  8vo.  pp.  192;  10s.  6d.  cloth. 

"  These  Lays  will  add  to  Mr.  Macaulay's  great  reputation.  A  stirring  fancy,  a  fine  imagination,  run  freshly  and 
frankly  through  them,  with  the  right  homely,  hearty  wilfulness  of  the  genuine  ballad  style.  Life  and  passion  are  in 
every  one  of  them."— Examiner. 

MACKENZIE -THE  PHYSIOLOGY  OE  VISION. 

By  W.  Mackenzie,  M.D.,  Lecturer  on  the  Eye  in  the  University  of  Glasgow.  8vo.  with 
Woodcuts,  lOs.  6d.  boards. 

MACKINTOSH,  &C.-THE  HISTORY  OF  ENGLAND. 

By  Sir  James  Mackintosh  ;  W.  Wallace,  Esq. ;  and  Robert  Bell,  Esq.  10  vols.  fcp. 
8vo.  with  Vignette  Titles,  £3.  cloth. 

MACLEOD.-ON  RHEUMATISM, 

And  on  the  Affections  of  Internal  Organs,  more  especially  the  Heart  and  Brain,  to  which  it 
gives  rise.  By  R.  Macleod,  M.D.  Physician  to  St.  George's  Hospital.  8vo.  pp.  172, 
7s.  cloth. 

MALTE-BRUN.-A  SYSTEM  OF  UNIVERSAL  GEOGRAPHY, 

Founded  on  the  Works  of  Malte-Brun  and  Balbi,  embracing  an  Historical  Sketch  of  the 
Progress  of  Geographical  Discovery,  the  Principles  of  Mathematical  and  Physical  Geography, 
and  a  complete  Description,  from  the  most  recent  sources,  of  the  Political  and  Social  Condition 
of  all  the  Countries  in  the  World :  with  numerous  Statistical  Tables,  and  an  Alphabetical  Index 
of  12,000  Names.   One  thick  vol.  8vo.  closely  and  beautifully  printed,  30s.  cloth. 

MANUAL  FOR  MECHANICS'  INSTITUTIONS. 

Published  under  the  superintendence  of  the  Society  for  the  Diffusion  of  Useful  Knowledge. 
Post  Svo.  5s.  cloth. 

MARCET  (MRS.)-CONVERSATIONS  ON  THE  HISTORY  OF 

ENGLAND.  For  the  Use  of  Children.  Vol.  1,  containing  the  History  to  the  Reign  of 
Henry  VII.   18mo.  pp.  354,  4s.  6d.  cloth. 

"  Juvenile  literature  will  freelv  own  how  much  it  is  indebted  to  Mrs.  Marcet,  not  only  for  the  present,  but  all  her 
preceding  works.  She  imparts  'interest  to  dry  and  dull  details  ;  and,  while  she  teaches,  begets  a  desire  in  her  pupils 
for  further  knowledge,  so  pleasantly  imparted.  These  '  Conversations,'  admirably  suited  to  the  capacities  of  children, 
may  be  skimmed  advantageously  by  '  children  of  a  larger  growth.'  " — Literari  Gazette. 

MARCET.-CONVERSATIONS  ON  CHEMISTRY; 

In  which  the  Elements  of  that  Science  are  familiarly  Explained  and  Illustrated  by  Experiments. 
14th  Edition  (1841),  enlarged  and  corrected,  2  vols.  fcp.  Svo.  pp.  732,  14s.  cloth. 

MARCET.-CONVERSATIONS  ON  NATURAL  PHILOSOPHY; 

In  which  the  Elements  of  that  Science  are  familiarly  explained,  and  adapted  to  the  compre- 
hension of  Young  Persons.  10th  Edition  (1839),  enlarged  and  corrected  by  the  Author. 
In  1  vol.  fcp.  Svo.  pp.  484,  with  23  Plates,  10s.  6d.  cloth. 

Ofthe  General  Properties  of  Bodies;  the  Attraction  of  Gravity ;  theLawsof  Motion  ;  Compound 
Motion;  the  Mechanical  Powers ;  Astronomy;  Causes  of  the  Earth's  Motion;  the  Planets; 
the  Earth ;  the  Moon ;  Hydrostatics ;  the  Mechanical  Properties  of  Fluids ;  of  Springs, 
Fountains,  &c. ;  Pneumatics;  the  Mechanical  Properties  of  Air ;  on  Wind  and  Sound ;  Optics; 
the  Visual  Angle  and  the  Reflection  of  Mirrors ;  on  Refraction  and  Colours ;  on  the  Structure 
of  the  Eye,  and  Optical  Instruments. 
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MARCET.-CONVERSATIONS  ON  POLITICAL  ECONOMY; 

In  which  the  Elements  of  that  Science  are  familiarly  explained.  7th  Edition  (1839),  revised 
and  enlarg'ed,  1  vol.  fcp.  8vo.  pp.  424,  7s.  6d.  cloth. 
Introduction;  on  Property;  the  Division  of  Labour ;  on  Capital;  on  Wagfes  and  Population;  on 
the  Condition  of  the  Poor ;  on  Value  and  Price ;  on  Income  ;  Income  from  Landed  Property ; 
Income  from  the  Cultivation  of  Land  ;  Income  from  Capital  lent ;  on  Money ;  on  Commerce ; 
on  Foreign  Trade ;  on  Expenditure  and  Consumption. 

MARCET.  -  CONVERSATIONS  ON  VEGETABLE  PHYSIO- 

LOGY;  comprehending  the  Elements  of  Botany,  with  their  application  to  Agriculture. 
3d  Edition  (1839),  1  vol.  fcp.  8vo.  pp.  474,  with  4  Plates,  9s.  cloth. 
Introduction ;  on  Roots ;  on  Stems  ;  on  Leaves ;  on  Sap ;  on  Cambium  and  the  peculiar  Juices 
of  Plants ;  on  the  Action  of  Light  and  Heat  on  Plants ;  on  the  Naturalization  of  Plants ;  on 
the  Action  of  the  Atmosphere  on  Plants ;  on  the  Action  of  Water  on  Plants ;  on  the  Artificial 
Mode  of  Watering  Plants ;  on  the  Action  of  the  Soil  on  Plants ;  on  the  Propagation  of  Plants 
by  Subdivision ;  on  Grafting ;  on  the  Multiplication  of  Plants  by  Seed ;  the  Flower ;  on  Com- 
pound Flowers  ;  on  Fruit ;  on  the  Seed ;  on  the  Classification  of  Plants ;  on  Artificial  Systems ; 
on  the  Natural  System;  Botanical  Geography;  the  Influence  of  Culture  on  Vegetation ;  on 
the  Degeneration  and  Diseases  of  Plants ;  on  the  Cultivation  of  Trees ;  on  the  Cultivation  of 
Plants  which  produce  Fermented  Liquors  ;  on  the  Cultivation  of  Grasses,  Tuberous  Roots,  and 
Grain ;  on  Oleaginous  Plants  and  Culinary  Vegetables. 

MARCET.-CONVERSATIONS  FOR  CHILDREN; 

On  Land  and  Water.  2d  Edition  (1839),  revised  and  corrected,  1  vol.  fcp.  8vo.  pp.  256,  with 
coloured  Maps,  showing  the  comparative  altitude  of  Mountains,  5s.  6d.  cloth. 

MARCET.-THE  GAME  OF  GRAMMAR, 

With  a  Book  of  Conversations  (fcp.  8vo.  pp.  54,  1842)  shewing  the  Rules  of  the  Game,  and 
affording  Examples  of  the  manner  of  playing  at  it.  In  a  varnished  box,  or  done  up  as  a  post 
8vo.  volume  in  cloth,  8s. 

MARCET.-MARrS  GRAMMAR; 

Interspersed  with  Stories,  and  intended  for  the  Use  of  Children.  6th  Edition  (1842),  revised 
and  enlarged.    18mo.  pp.  336,  3s.  6d.  half-bound. 

MARCET. -JOHN  HOPKINS'  NOTIONS  ON  POLITICAL 

ECONOMY.   3d  Edition  (1834),  fcp.  8vo.  pp.  194,  4s.  6d.  cloth. 

*»*  A  smaller  Edition  (the  second,  1833),  in  18mo.  pp.  176,  Is.  6d.  sewed. 

MARCET.-WILLY'S  HOLIDAYS; 

Or,  Conversations  on  Different  Kinds  of  Governments,  intended  for  Young  Children.  18mo. 
pp.  158  (1836),  2s.  half-bound. 

MARCET.-WILLY'S  STORIES  FOR  YOUNG  CHILDREN. 

Third  Edition,  18mo.  pp.  138  (1839),  2s.  half-bound. 

The  House-building ;  the  Three  Pits  (the  Coal  Pit,  the  Chalk  Pit,  and  the  Gravel  Pit) ;  and  the 
Land  without  Laws. 

MARCET.-THE  SEASONS; 

stories  for  very  Young  Children.  4  vols.  18mo.  new  Editions  :  Vol.  1,  Winter,  3d  Edition, 
pp.  180,  1839;  Vol.  2,  Spring,  3d  Edition,  pp.  196,  1839  ;  Vol.  3,  Summer,  3d  Edition,  pp.  178, 
1840 ;  Vol.  4,  Autumn,  3d  Edition,  pp.  184,  1840.   2s.  each  volume,  half-bound. 

MARRIAGE  GIFT. 

By  a  MoTHEK.  A  Legacy  to  her  Children.   Post  8vo.  5s.  cloth,  gilt  edges, 

MARRYAT.-MASTERMAN  READY; 

Or,  the  Wreck  of  the  Pacific.  Written  for  Young  People.  By  Captain  Mxrryat.  3  vols, 
fcp.  8vo.  with  numerous  Engravings  on  Wood,  22s.  Cd.  cloth. 

*»*  The  volumes  separately,  7s.  6d.  each,  cloth. 

MARTINGALE.-SPORTING  SCENES  AND  COUNTRY  CHA- 

RACTERS.  By  Martingale.  1  vol.  square  crown  8vo.  beautifully  embelhshed  with 
Wood  Engravings  in  the  highest  style  of  the  Art,  £1.  Is.  handsomely  bound  in  a  new  style. 
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CATALOGUE  01'  NEAV  WORKS 


MAUNDER.-THE  TREASURY  OE  KNOWLEDGE, 

And  LIBRARY  of  REFERENCE :  containing  a  new  and  enlarged  Dictionary  of  the  English 
Language,  preceded  by  a  Compendious  Grammar,  Verbal  Distinctions,  &c. ;  a  new  Universal 
Gazetteer;  a  Compendious  Classical  Dictionary ;  a  Chronological  Analysis  of  General  History ; 
a  Dictionary  of  Law  Terms,  &c.  &c.  By  Samuel  Maunder.  14th  Edition.  1  vol.  fcp.  8vo. 
pp.  810,  with  two  engraved  Frontispieces,  8s.  6d.  cloth ;  or  handsomely  bound  in  roan,  lettered, 
with  gilt  edges,  10s.  6d. 

MAUNDER.-THE  SCIENTIEIC  &  LITERARY  TREASURY; 

A  new  and  popular  Encyclopaedia  of  Science  and  the  Belles  Lettres  ;  including  all  Branches  of 
Science,  and  every  Subject  connected  with  Literature  and  Art.  The  whole  written  in  a  familiar 
style,  adapted  to  the  comprehension  of  all  persons  desirous  of  acquiring  information  on  the 
subjects  comprised  in  the  work,  and  also  adapted  for  a  Manual  of  convenient  Reference  to  the 
more  instructed.  By  Samuel  Maunder.  2d  Edition,  1  thick  vol.  fcp.  8vo.  of  1700  closely- 
printed  columns,  pp.  840,  with  an  engraved  Frontispiece,  10s.  handsomely  bound  in  fancy 
cloth,  lettered ;  or  bound  in  roan,  gilt  edges,  12s. 

MAUNDER.-THE  BIOGRAPHICAL  TREASURY; 

Consisting  of  Memoirs,  Sketches,  and  brief  Notices  of  above  12,000  Eminent  Persons  of  all  Ages 
and  Nations,  from  the  Earliest  Period  of  History ;  forming  a  new  and  complete  Dictionary 
of  Universal  Biography.  4tli  Edition,  with  a  "  Supplement,"  from  the  Accession  of  Queen 
Victoria  to  the  Present  Time.  1  vol.  fcp.  8vo.  pp.  876,  with  engi-aved  Frontispiece,  88. 6d. 
cloth ;  or  roan,  gilt  edges,  10s.  6d. 

MAUNDER.-THE  TREASURY  OE  HISTORY; 

Comprising  a  General  Introductory  Outline  of  Universal  History,  Ancient  and  Modern,  and  a 
Series  of  separate  Histories  of  every  principal  Nation  that  exists ;  their  Rise,  Progress,  and 
Present  Condition,  the  Moral  and  Social  Character  of  their  respective  inhabitants,  their 
Religion,  Manners,  and  Customs,  &c.   By  Samuel  Maunder.— 7k  the  press. 

M'CULLOCH.-THE  PRINCIPLES  OF  POLITICAL  ECONOMY: 

with  some  Enquiries  respecting  their  Application,  and  a  Sketch  of  the  Rise  and  Progress  of 
the  Science.  By  J.  R.  M'Culloch,  Esq.  New  Edition,  enlarged  and  corrected  throughout, 
8vo.  15s. 

M'CULLOCH.-A  DICTIONARY,  GEOGRAPHICAL,  STATIS- 

TICAL,  AND  HISTORICAL,  of  the  various  Countries,  Places,  and  Principal  Natural  Objects 
in  the  WORLD.  By  J.  R.  M'Culloch,  Esq.  2  thick  vols.  8vo.  pp.  1980,  £i,  bound  in  cloth. 
Illustrated  with  Six  Large  important  Maps  as  follow : — 

1.  The  "World,  on  Mercator's  Projection ;  with  enlarged  scales  introduced  of  Canton  River,  Van 

Dieman's  Land,  Hooghly  River,  Island  and  Town  of  Singapore,  and  Colony  of  Good  Hope. 

2.  Asia  on  a  very  extensive  scale,  embracing  every  recent  Survey  (coloured). 

3.  Great  Britain  and  Ireland,  exhibiting  the  Navigable  Rivers,  and  completed  and  proposed 

Railways ;  with  Dublin  Bay,  the  Caledonian  Canal,  and  the  River  Thames,  introduced  on 
an  enlarged  scale. 

4.  The  British  Possessions  in  North  America,  with  part  of  the  United  States,  compiled  from 

official  sources;  with  Plans  of  the  Cities  and  Harbours  of  Montreal  and  the  Island  of 
Newfoundland,  introduced  on  an  enlarged  scale. 

5.  Central  and  Southern  Europe,  with  the  Mediterranean  Sea;  the  Mouth  of  the  Schelde  intro- 

duced on  an  extended  scale. 

6.  Central  America  and  the  West  Indies,  from  the  latest  and  best  authorities;  with  the  Island 

of  Jamaica,  the  Harbours  of  Port  Royal  and  Kingston,  and  the  Harbour  and  City  of  Havana, 
introduced  on  an  enlarged  scale. 

"  Tlie  extent  of  information  this  Dictionary  affords  on  tlie  subjects  referred  to  in  its  title  is  truly  surprising.  It 
cannot  fail  to  prove  a  vade-mecum  to  the  student,  -whose  inquiries  will  be  guided  by  its  li^bt,and  satisfied  by  its" clear 
and  frequently  elaborated  communications.  Every  public  room  in  which  commerce,  politics,  or  literature,  forms  the 
subject  of  discussion,  ought  to  be  furnished  with  these  volumes." — Globe. 

M'CULLOCH.-A  DICTIONARY,  PRACTICAL,  THEORETI- 

CAL,  AND  HISTORICAL,  OF  COMMKKCE  AND  COMMERCIAL  NAVIGATION.  Illus- 
trated with  Maps  and  Plans.  By  J.  R.  M'Culloch,  Esq.  A  New  Edition,  with  a  new  and 
enlarged  Supplement,  containing  the  New  Tariff,  the  New  Corn  Law  (with  an  Article  on  the 
latter),  and  bringing  down  the  information  in  the  work  to  September  1842.  One  closely 
and  beautifully-printed  vol.  8vo.  of  more  than  1350  pages,  £'2. 10s.  boards. 

The  New  Supplement  separately,  5s.  sewed. 
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MEREDITH. 

By  the  Countess  of  Btessington.   3  vols,  post  8vo.  31s.  6d.  boards. 

"  This  novel  is  perhaps  the  best  that  Lady  Blessington  has  yet  given  to  us— combining,  a'  it  does,  all  the  best 
features  of  her  style,  in  a  consistent  and  well-constructed  narrative  which  accomplishes  all  it  aims  at,— namely,  to 
place  before  its  readers  a  picture  of  actual  English  life,  so  grouped  and  coloured  by  the  hand  of  fiction  as  merely  to 
heighten  its  moral  efl'ect  ivithout  impairing  its  truthfulness." — New  Monthly  Magazine. 

MILNE.-TREATISE  ON  THE  VALUATION  OF  ANNUITIES 

AND  ASSURANCES  on  LIVES  and  SURVIVORSHIPS;  on  the  Construction  of  Tables  of 
Mortality ;  and  on  the  Probabilities  and  Expectations  of  Life.  Wherein  tlie  Laws  of  Mortality 
that  prevail  in  diflerent  parts  of  Euiope  are  determined,  and  the  Comparative  Mortality  of 
different  Diseases  and  of  the  Two  Sexes  are  shown:  with  a  variety  of  Tables.  By  Joshua 
Milne,  Actuary  to  the  Sun  Life  Assurance  Society.  2  vols.  8vo.  £1. 10s.  boards. 

MILTON^S  L'ALLEGRO  AND  IL  PENSEROSO, 

With  Illustrations  by  Members  of  the  Etching-  Club.    Imp.  &\o.— {In  preparation.) 

MONTGOMERY'S  (JAMES)  POETICAL  WORKS. 

New  and  only  Complete  Edition  (1841).  With  some  additional  Poems,  and  Autobiographical 
Prefaces.  Collected  and  Edited  by  Mr.  Montgomery.  4  vols.  fcp.  8vo.  with  Portrait,  and 
Seven  other  beautifully-engraved  Plates,  20s.  cloth;  or  bound  in  morocco,  with  gilt  edges, 
^£1.  ICs. 

MOORE'S  (THOMAS)  POETICAL  WORKS. 

First  and  only  Complete  Edition  (1841).  Edited  by  Mr.  Moore.  With  Autobiographical 
Prefaces.  10  vols.  fcp.  8vo.  with  Portrait,  and  19  other  highly-finished  Plates,  d^2.  ICs, 
fancy  cloth ;  or  ^'4.  10s.  handsomely  bound  in  morocco,  with  gilt  edges- 

MOORE'S  POETICAL  WORKS; 

Containing  the  Author's  recent  Introduction  and  Notes.  Complete  in  one  volume,  uniform 
with  Lord  Byron's  Poems.  With  a  New  Portrait,  by  George  Richmond,  engraved  in  the  line 
manner,  and  a  View  of  Sloperton  Cottage,  the  Residence  of  the  Poet,  by  Thomas  Creswick, 
A.R.A.    Medium  8vo.  £\.  Is.  cloth. 

MOORE'S  LALLA  ROOKH. 

Twentieth  Edition  (1842),  1  vol.  medium  8vo.  beautifully  illustrated  with  13  Engravings 
finished  in  the  highest  style  of  Art,  21s.  handsomely  bound  in  cloth  and  ornamented  ;  or,  with 
India  Proof  Plates,  4()s.  cloth. 

MOORE'S  LALLA  ROOKH. 

Twenty-first  Edition  (1842),  1  vol.  fcp.  8vo.  with  Four  Engravings,  from  Paintings  by  Westall, 
10s.  6d.  cloth  ;  or,  handsomely  bound  in  morocco,  with  gilt  edges,  14s. 

MOORE'S  IRISH  MELODIES. 

New  Edition,  imp.  8vo.  illustrated  with  above  50  Desigms  by  Maclise,  etched  on  steel,  ^2. 2s. ; 
Proofs  on  India  Paper,  £i.  4s. ;  before  Letters  (of  Illustrations  only),  ^£'6.        Nearly  ready. 

The  Poetry  and  Designs  will  botli  be  engraved,  and  each  page  surrounded  wiUi  an  Ornamental  Border. 

MOORE'S  IRISH  MELODIES. 

Fifteenth  Edition  (1843),  with  Engraved  Title  and  Vignette,  10s.  cloth  lettered ;  or  13s.  6d- 
handsomely  bound  in  morocco,  with  gilt  edges. 

MOORE.-THE  HISTORY  OF  IRELAND. 

By  Thomas  Moore,  E.sq.  Vols.  1  to  3,  with  Vignette  Titles,  18s..  cloth. 

MORAL  OF  FLOWERS. 

3d  Edition,  1  vol.  royal  8vo.  with  24  beautifully-coloured  Engravings,  £\.  lOs.  half-bound- 

MORGAN.-THE  PRINCIPLES  AND  DOCTRINE  OF  ASSU- 

RANCES,  ANNUITIES  on  LIVES,  and  CONTINGENT  REVERSIONS,  stated  and  explained- 
By  W.  Morgan,  F.R.S.  Actuary  to  the  Society  for  Equitable  Assurances  on  Lives,  &c.  8vo. 
12s.  boards. 

MORTON.-A  VETERINARY  TOXICOLOGICAL  CHART, 

Containing  those  Agents  known  to  cause  Death  in  the  Horse ;  with  the  Symptoms,  Antidotes, 
Action  on  the  Tissues,  and  Tests.  By  W.  J.  T.  Morton.  12mo.  6s.  in  case ;  8s.  6d.  on  rollers. 
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CATALOGUE  OF  NEW  WORKS 


MORTON.-A  MANUAL  OF  PHARMACY, 

For  the  Student  in  Veterinary  Medicine ;  containing-  the  Substances  employed  at  the  Royal 
Veterinary  College,  with  an  attempt  at  their  classification,  and  the  Pharmacopoeia  of  that  In- 
stitution.  By  W.  J.  T.  Morton.  2d  Edition,  l2mo.  pp.  304,  9s.  cloth. 

MOSELEY.-ILLUSTRATIONS  OF  PRACTICAL  MECHANICS. 

By  the  Rev.  H.  Moseley,  M.A.,  Professor  of  Natural  Philosophy  and  Astronomy  in  King's 
College,  London ;  being  the  First  Volume  of  the  Illustrations  of  Science  by  the  Professors  of 
King's  College.   1  vol.  fcp.  8vo.  with  numerous  Woodcuts,  8s.  cloth. 

MOSELEY.-THE  MECHANICAL  PRINCIPLES  OF  ENGI- 

NEERING  AND  ARCHITECTURE.  By  the  Rev.  H,  Moseley,  M.A.  F.R.S.,  Professor  of 
Natural  Philosophy  and  Astronomy  in  King's  College,  London ;  and  Author  of  "  Illustrations 
of  Mechanics,"  &c.   1  vol.  8vo.  with  Woodcuts  and  Diagrams,  24s.  cloth. 

"This  volume  includes  the  substance  of  a  course  of  lectures  delivered  to  the  students  of  King's  College,  in  the 
departments  of  engineering  and  architecture,  during  the  present  and  two  preceding  years  (1840-42).  The  first  part 
treats  of  statics,  so  far  as  that  snience  applies  to  the  subject;  the  second  of  dynamics;  the  third  of  the  theory  of 
machines ;  the  fourth  of  the  theary  of  the  stability  of  structures ;  the  fifth  of  the  strength  of  materials  ;  and  the 
sixth  and  last  of  Mmpact.'  We  have  merely  noted  the  divisions  of  this  body  of  mathematical  science  for  the  informa- 
tion of  those  to  whom  the  high  reputation  of  Professor  Moseley  will  be  a  sufficient  warranty." — SrECTATon. 

**  The  work  of  Mr.  Moseley  is  an  elaborate,  profound,  accurate,  and  elegant  abstract  and  purely  mathematical 
disquisition  on  the  theoretical  principles  of  mechanics  j  and  will  serve  to  increase  the  author's  high  reputation  as  a 
mathematician.'* — Athenjeum. 

MURRAY.-ENCYCLOPiEDIA  OF  GEOGRAPHY; 

Comprising  a  complete  Description  of  the  Earth :  exhibiting  its  Relation  to  the  Heavenly 
Bodies,  its  Physical  Structure,  the  Natural  History  of  each  Country,  and  the  Industry,  Com- 
merce, Political  Institutions,  and  Civil  and  Social  State  of  all  Nations.  By  Hugh  Murray, 
F.R.S.E. :  assisted  in  Astronomy,  &c.  by  Professor  Wallace ;  Geology,  &c.  by  Professor 
Jameson ;  Botany,  &c.  by  Sir  W.  J.  Hooker ;  Zoology,  &c.  by  W.  Swainson,  Esq.  New 
Edition,  brought  down  to  1840:  with  82  Maps,  drawn  by  Sidney  Hall,  and  upwards  of  1000  other 
Engravings  on  Wood,  from  Drawings  by  Swainson,  T.  Landseer,  Sowerby,  Strutt,  &c.  repre- 
senting the  most  remarkable  Objects  of  Nature  and  Art  in  every  Region  of  the  Globe.  1  vol. 
8vo.  containing  upwards  of  1500  pages,  ^€"3,  cloth. 

NARRIEN.-ELEMENTS  OF  GEOMETRY; 

Consisting  of  the  first  Four  and  Sixth  Books  of  Euclid,  chiefly  from  the  Text  of  Dr.  Robert 
Simson  :  with  the  principal  Theorems  in  Proportion,  and  a  Course  of  Practical  Geometry  on 
the  Ground ;  also.  Four  Tracts  relating  to  Circles,  Planes,  and  Solids,  with  one  on  Spherical 
Geometry.  By  Mr.  Narrien,  Professor  of  Mathematics  in  the  Royal  Military  College, 
Sandhurst.  8vo.  pp.  288,  with  many  diagrams,  10s.  6d.  bound. 

NICOLAS.-THE  CHRONOLOGY  OF  HISTORY. 

Containing  Tables,  Calculations,  and  Statements  indispensable  for  ascertaining  the  Dates  of 
Historical  Events,  and  of  Public  and  Private  Documents,  from  the  Earliest  Period  to  the 
Present  Time.  By  Sir  Harris  Nicolas,  K.C.  M.G.  Second  edition,  corrected  throughout. 
1  vol.  fcp.  8vo.  with  Vignette  Title,  6s.  cloth. 

"  We  stronsly  recommend  to  historical  students  the  cleav  and  accurate  '  Chronology  of  History,'  by  Sir  Harris 
Nicolas,  which  contains  all  the  information  that  can  be  practically  required." — Quabteiily  Review,  No.  142. 

O'SULLIVAN.-OF  THE  APOSTACY  PREDICTED  BY  ST. 

PAUL.  By  the  Rev.  Mortimer  O'Sullivan,  D.D.  Rector  of  Killyman.  8vo.  pp.  696, 
14s.  cloth. 

OWEN.  -  LECTURES  ON  THE  COMPARATIVE  ANATOMY 

AND  PHYSIOLOGY  OF  THE  INVERTEBRATE  ANIMALS,  delivered  at  the  Royal  College 
of  Surgeons  in  1843,  By  Richard  Owen,  F.R.S.  Hunterian  Professor  to  the  College.  From 
Notes  taken  by  William  White  Cooper,  M.R.C.S.  and  revised  by  Professor  Owen.  With 
Glossary  and  Index.  8vo.  with  nearly  140  Illustrations  on  Wood,  14s.  cloth. 

"  It  is  sufficient  to  announce  a  work  on  the  comparative  anatomy  of  the  Invertebrata  by  Mr.  Owen.  Were  it 
necessary  to  recommend  it,  we  should  say,  that  the  desideratum  it  supplies  has  been  long  felt  by  students  of  natural 
history ;  and  that  no  writer  of  the  present  day  except  Mr.  Owen  could  have  ventured  to  approach  the  subject :  his 
enlightened  researches  having  made  the  delightful  department  of  science  in  which  he  has  created  his  brilliant  repu- 
tation legitimately  his  owp ;  ijnd,  indeed,  organised  into  a  system  an  interesting  branch  of  knowledge  'in  which  he 
found  only  a  few  scattered  and  imperfectly  Imown  facts." — Medical  Gazette. 

PARKES.-DOMESTIC  DUTIES; 

Or,  Instructions  to  Young  Married  Ladies  on  the  Management  of  their  Households  and  the 
Regulation  of  their  Conduct  in  the  various  Relations  and  Duties  of  Married  Life.  By  Mrs. 
W.  Parkes.  5th  Edition,  fcp.  8vo.  9s.  cloth. 

Social  Relations— Household  Concerns— the  Regulation  of  Time— Moral  and  Religious  Duties. 
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PARNELL.-A  TREATISE  ON  ROADS; 

Wherein  the  Principles  on  which  Roads  should  be  made  are  explained  and  illustrated  by  the 
Plans,  Specifications,  and  Contracts  made  use  of  by  Thomas  Telford,  Esq.  on  the  Holyhead 
Road.  By  the  Right  Hon.  Sir  Henry  Parnell,  Bart.,  Hon.  Memb.  Inst.  Civ.  Eng.  London. 
Second  Edition,  greatly  enlarged,  with  9  large  plates,  ^1.  Is.  cloth. 

PEARSON-PRAYERS  EOR  FAMILIES : 

Consisting  of  a  Form,  short  but  comprehensive,  for  the  Morning  and  Evening  of  every  day  in 
the  week.  Selected  by  the  late  E.  Pearson,  D.D.  Master  of  Sidney  Sussex  College,  Cambridge. 
To  which  is  prefixed,  a  Biographical  Memoir  of  the  Editor.   New  Edit.  18mo.  2s.  6d.  cloth. 

PEARSON.-AN  INTRODUCTION  TO  PRACTICAL  ASTRO- 

NOMY.  By  the  Rev.  W.  Pearson,  LL.D.  F.R.S.,  &c..  Rector  of  South  Killworth, 
Leicestershire,  and  Treasurer  to  the  Astronomical  Society  of  London.  2  vols.  4to.  with 
Plates,  £1.  7s.  boards. 

Vol.  1  contains  Tables,  recently  computed,  for  facilitating  the  Reduction  of  Celestial  observa- 
tions ;  and  a  popular  explanation  of  their  Construction  and  Use. 

Vol.  2  contains  Descriptions  of  the  various  Instruments  that  have  been  usefully  employed  in 
determining  the  Places  of  the  Heavenly  Bodies,  with  an  Account  of  the  Methods  of  Adjusting 
and  Using  them. 

PERCIVALL.-THE  ANATOMY  OF  THE  HORSE; 

Embracing  the  Structure  of  the  Foot.  By  W.  Percivall,  M.R.C.S.  8vo.  pp.  478,  £\.  cloth. 

PERCIYALL.-HIPPOPATHOLOGY ; 

A  Systematic  Treatise  on  the  Disorders  and  Lameness  of  the  Horse ;  with  their  modern  and 
most  approved  Methods  of  Cure;  embracing  the  doctrines  of  the  English  and  French 
Veterinary  Schools.  By  W.  Percivall,  M.R.C.S.  Veterinary  Surgeon  in  the  1st  Life  Guards. 
Vol  1,  8vo.  pp.  340, 10s.  6d.  boards;  Vol.  2,  8vo.  pp.  436,  14s. 

PEREIRA.-A  TREATISE  ON  FOOD  AND  DIET: 

With  Observations  on  the  Bietetical  Regimen  suited  for  Disordered  States  of  the  Digestive 
Organs ;  and  an  Account  of  the  Dietaries  of  some  of  the  principal  Metropolitan  and  other 
Establishments  for  Paupers,  Lunatics,  Criminals,  Children,  the  Sick,  &c.  By  Jon.  Pereira, 
M.D.  F.R.S.  &L.S.  &c.  Author  of  "Elements  of  Materia  Medica."  8vo.  16s.  cloth. 

'*  Dr.  Pei'eira's  book  contains  such  an  exposition  of  the  entire  subject  of  alimentary  substances  and  diet  as  must  be 
alike  acceptable  to  the  professional  student  and  improving  to  the  general  reader.  The  chapter  on  Dietaries—a  most 
important  subject  ably  treated — has  a  present  and  vital  interest."— Tait's  Magazine. 

**  The  most  complete  and  informing  work  on  the  subject  which  has  been  yet  presented  to  the  public.  "We  urge 
every  one  to  read  it  with  attention,  as  the  production  of  a  medical  philosopher,  and  one  of  the  first  physicians  of  the 
age."— Atlvs. 

**  A  complete  manual  for  the  valetudinarian," — John  Bull. 

PIIILLIPS.-AN  ELEMENTARY  INTRODUCTION  TO  MINE- 

RALOGY ;  comprising  a  Notice  of  the  Characters  and  Elements  of  Minerals ;  with  Accounts 
of  the  Places  and  Circumstances  in  which  they  are  found.  By  William  Phillips,  F.L.S. 
M.G.S.,  &c.  4th  Edition,  considerably  augmented  by  R.  Allan,  F.R.S.E.  8vo.  numerous 
Cuts,  12s.  cloth. 

PHILLIPS.-FIGURES    AND    DESCRIPTIONS  OF  THE 

PALEOZOIC  FOSSILS  of  CORNWALL,  DEVON,  and  WEST  SOMERSET;  observed  in 
the  course  of  the  Ordnance  Geological  Survey  of  that  District.  By  John  Phillips,  F.R.S. 
F.G.S.  &c.  Published  by  Order  of  the  Lords  Commissioners  of  H.M.  Treasury.  8vo.  with 
60  Plates,  comprising  very  numerous  figures,  9s.  cloth, 

PHILLIPS.-A  GUIDE  TO  GEOLOGY. 

By  John  Phillips,  F.R.S.G.S.,  &c.  1  vol.  fcp.  8vo.  with  Plates,  6s.  cloth. 

PHILLIPS.-A  TREATISE  ON  GEOLOGY. 

By  John  Phillips,  F.R.S.G.b.,  &c.  2  vols.  fcp.  8vo.  with  Vignette  Titles  and  Woodcuts, 
12s.  cloth. 

POISSON.-A  TREATISE  ON  MECHANICS. 

By  S.  D,  PoissoN.  2d  Edition.  Translated  from  the  French,  and  illustrated  with  Explanatory 
Notes,  by  the  Rev.  Henry  H.  Harte,  late  Fellow  of  Trinity  College,  Dublin.  2  large  vols. 
8vo.  28s.  boards. 
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PORTER -  A  TREATISE  ON  THE  MANUFACTURE  OE  SILK. 

By  G.  R.  Pouter,  Esq.  F.R.S.  Author  of  "  The  Progress  of  the  Nation,"  &c.  1  vol.  8vo.  with 
Vignette  Title,  and  39  Engravings  on  Wood,  6s.  cloth. 

PORTER.-A  TREATISE  ON  THE  MANUFACTURES  OE 

PORCELAIN  AND  GLASS.  By  G.  R.  Porter,  Esq.  F.R.S.  1  vol.  fcp.  8vo.  with  Vignette 
Title  and  50  Woodcuts,  6s.  cloth. 

PORTLOCK.-REPORT  ON  THE  GEOLOGY  OF  THE  COUNTY 

of  LONDONDERRY,  and  of  Parts  of  Tyrone  and  Fermanagh,  examined  and  described  under 
the  Authority  of  the  Master-General  and  Board  of  Ordnance.  By  J.  E.  Portlock,  F.R.S. 
&c.   8vo.  with  48  Plates,  24s.  cloth. 

POSTANS.-PERSONAL  OBSERVATIONS  ON  SINDH, 

The  Manners  and  Customs  of  its  Inhabitants,  and  its  Productive  Capabilities :  with  a  Narrative 
of  the  Recent  Events.  By  Capt.  Postans,  Bombay  Army,  late  Assistant  to  the  Political 
Agent,  Sindh.  1  vol.  8vo.  with  new  Map,  coloured  Frontispiece,  and  other  Illustrations,  18s.  cloth. 

"  Capt.  Postans  writes  pleasantly,  and  is  a  firm  and  calm  recorder  of  what  he  has  seen  and  known — an  hon&st  and 
deliberate  reporter  of  the  conclusions  he  has  come  to  on  a  subject  that  has  points  about  which  men  are  much  divided. 
He  has  studied  his  theme  in  its  various  branches  vigilantly  and  patiently,  and  has  bestowed  reflection  and  exemplary 
care  before  delivering  the  results  of  his  observation  and  research.  His  work,  indeed,  we  cannot  doubt,  will  become 
an  authority  upon  various  points  of  Indian  policy  even  beyond  the  interests  that  are  immediately  combined  with  the 
Sindhian  nation." — Monthly  Review. 

POWELL -THE  HISTORY  OF  NATURAL  PHILOSOPHY, 

From  the  Earliest  Periods  to  the  Present  Time.  By  Baden  Powell,  M.A.,  Savilian  Professor 
of  Mathematics  in  the  University  of  Oxford.  1  vol.  fcp.  8vo.  Vignette  Title,  6s.  cloth. 

PROCEEDINGS  OF  THE  ZOOLOGICAL  SOCIETY  OF  LONDON. 

8vo.   The  last  part  published  is  Part  9  for  1841,  6s.  cloth. 

REECE.-THE  MEDICAL  GUIDE, 

For  the  use  of  the  Clergy,  Heads  of  Families,  Seminaries,  and  Junior  Practitioners  in  Medi- 
cine ;  comprising  a  complete  Modern  Dispensatory,  and  a  Practical  Treatise  on  the  Distin- 
guishing Symptoms,  Causes,  Prevention,  Cure  and  Palliation,  of  the  Diseases  incident  to  the 
Human  Frame.  By  R.  Reece,  M.D.  late  Fellow  of  the  Royal  College  of  Surgeons  of  London, 
&c.    16th  Edition,  8vo.  pp.  600,  12s.  boards. 

REEVE.-CONCHOLOGIA  SYSTEMATICA: 

Or,  Complete  System  of  Conchology:  in  which  the  Lepades  and  Mollusca  are  described  and 
classified  according  to  their  Natural  Organization  and  Habits ;  illustrated  with  300  higlily 
finished  copper-plate  engravings,  by  Messrs.  Sowerby,  containing  above  1500  figures  of  Shells. 
By  L.  Reeve,  F.L.S.  &c. 

Vol.  1,  containing  the  Lepades  and  Bivalve  Mollusca,  with  130  Plates,  ^3.  5s.  cloth ;  with 

coloured  Plates,  ^'5. 10s.  cloth. 
Vol.  2,  the  "Univalve  Mollusca,"  with  171  Plates,  ^4.  9s.  cloth;  coloured,  £1. 12s.  cloth. 

REPTON.-THE  LANDSCAPE  GARDENING  &  LANDSCAPE 

ARCHITECTURE  of  the  late  Humphry  Repton,  Esq.;  being  his  entire  works  on  these 
subjects.  New  Edition,  with  an  historical  and  scientific  Introduction,  a  systematic  Analysis, 
a  Biographical  Notice,  Notes,  and  a  copious  alphabetical  Index.  By  J.  C.  Loudon,  F.L.S. 
&c.  Originally  published  in  1  folio  and  3  quarto  volumes,  and  now  comprised  in  1  vol.  8vo. 
illustrated  by  upwards  of  250  Engravings,  and  Portrait,  30s.  cloth ;  with  coloured  plates, 
6s.  cloth. 

RICHARDSON.-GEOLOGY  FOR  BEGINNERS: 

Comprising  a  Familiar  Explanation  of  Geology,  and  its  associate  Sciences,  Mineralogy, 
Physical  Geology,  Fossil  Conchology,  Fossil  Botany,  and  Palaeontology,  including  Directions 
for  forming  Collections  and  generally  cultivating  the  Science ;  with  a  succinct  Account  of  the 
several  Geological  Formations.  By  G.  F.  Richardson,  F.G.S.  of  the  British  Museum. 
Second  Edition,  considerably  enlarged,  with  new  Frontispiece,  and  nearly  100  new  Wood 
Engravings,  fcp.  8vo.  10s.  6d.  cloth. 

.,"^'''^''^'J'^"*2'^'^^°^''Sy  is  here  supplied  with  the  means  of  acquiring  the  rudiments  of  this  interesting  science. 
Mr  Eichardson  has  succeeded  m  simplifymg  his  descriptions,  and  investing  his  explanations  with  interest,  to  an 
extent  unequalled  in  any  work  of  the  kind  with  which  we  have  had  thegoo'd  fortune  to  meet.  He  thus  fixes  the 
attention,  and  gradually  acquires  the  confidence  of  the  student,  who  becomes  sensible  that  he  is  making  progress  in 
the  study  by  the  increasing  pleasure  which  he  feels  at  every  successive  step.  The  scientific  reputation  acquired  by 
the  author— the  facUities  afforded  by  his  official  position,  as  Curator  of  the  Geological  department  of  the  British 
Museum--and  the  rapidity  with  which  the  first  edition  of  the  work  has  been  sold,  render  any  further  recommendation 
of  the  book  unnecessary.  It  wdl.  we  doubt  not,  become  the  work  with  which  the  student  of  geology  will  commence 
When  Its  contents  are  understood,  they  will  materially  aid  his  progress  in  proceeding  to  master  tlie  arcana  of  the 
science,  which,  when  acquired,  will  amply  reward  whatever  pains  he  has  taken  in  the  acquisition  of  its  mysteries." 

Globe,  Sept.  8,  1543. 
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RIDDLE. -A  DIAMOND  LATIN  ENGLISH  DICTIONARY. 

For  the  waistcoat-pocket.  A  Guide  to  the  Meaning,  Quality,  and  right  Accentuation  of  Latin 
Classical  Words.   By  the  Rev.  J.  E.  Riddle,  M.A.   Royal  32mo.  4s.  bound. 

"  A  most  useful  little  lexicon  to  the  general  reader  who  may  wish  for  an  accommodating  interpreter  of  such  Latin 
words  or  sentences  as  may  be  encountered  in  every  day's  casual  literary  exercises.   It  is  at  once  copious  and 

succinct." — MOKNING  Hehald. 

RIDDLE.-LETTERS  FROM  AN  ABSENT  GODFATHER ; 

Or,  a  Compendium  of  Religious  Instruction  for  Young  Persons.  By  the  Rev.  J.  E.  Riddle, 
M.A.   Fcp.  8vo.  6s.  cloth. 

RIDDLE.-ECCLESIASTICAL  CHRONOLOGY ; 

Or,  Annals  of  the  Christian  Church,  from  its  Foundation  to  the  present  Time.  Containing  a 
View  of  General  Church  History,  and  the  Course  of  Secular  Events ;  the  Limits  of  the 
Church  and  its  Relations  to  the  State;  Controversies;  Sects  and  Parties;  Rites, 
Institutions,  and  Discipline  ;  Ecclesiastical  Writers.  The  whole  arranged  according  to  the 
order  of  Dates,  and  divided  into  Seven  Periods.  To  which  are  added.  Lists  of  Councils  and 
Popes,  Patriarchs,  and  Archbishops  of  Canterbury.  By  the  Rev.  J.  E.  Riddle,  M.A., 
Author  of  "  Tlie  Complete  Latin  Dictionary."   1  vol.  8vo.  15s.  cloth. 

RIVERS.-THE  ROSE  AMATEUR'S  GUIDE : 

Containing  ample  Descriptions  of  all  the  fine  leading  Varieties  of  Roses,  regularly  classed  in 
their  respective  families ;  their  History  and  Mode  of  Culture.  By  T.  Rivers,  Jun.  2d  Edi- 
tion, with  Alterations  and  Additions.   1  vol.  fcp.  8vo.  6s.  cloth. 

Among  the  additions  to  the  present  Edition  will  be  found  full  Directions  for  Raising  New  Roses  from  Seed  by 
modes  never  before  published,  appended  to  each  Family;  with  descriptions  of  the  most  remarkable  New  Koses 
lately  mtroduced ;  an  alphabetical  list  of  all  the  New  Roses  and  Show  Flowers. 

ROBERTS.-A  COMPREHENSIVE  VIEW  OF  THE  CULTURE 

of  the  VINE  under  GLASS.  By  James  Roberts,  Gardener  to  M.  Wilson,  Esq.  Eshton  Hall, 
Yorkshire.    12mo.  5s.  6d.  cloth. 

ROBERTS.-AN    ETYMOLOGICAL   AND  EXPLANATORY 

DICTIONARY  of  the  Terms  and  Language  of  GEOLOGY;  designed  for  the  early  Student, 
and  those  who  have  not  made  great  progress  in  the  Science.  By  G.  Roberts.   Fcp.  6s.  cloth. 

ROBINSON.- GREEK  AND  ENGLISH  LEXICON  TO  THE 

NEW  TESTAMENT.  By  E.  Robinson,  D.D.  Author  of  "Biblical  Researches."  Edited, 
with  careful  revision,  corrections,  &c.  by  the  Rev.  Dr.  Bloomfield.   1  vol.  Svo.  IBs.  cloth. 

ROGERS.-THE  VEGETABLE  CULTIVATOR; 

Containing  a  plain  and  accurate  Description  of  all  the  different  Species  of  Culinary  Vegetables, 
with  the  most  approved  Method  of  Cultivating  them  by  Natural  and  Artificial  Means,  and 
the  best  Modes  of  Cooking  them ;  alphabetically  arranged.  Together  with  a  Description  of 
the  Physical  Herbs  in  General  Use.  Also,  some  Recollections  of  the  Life  of  Philip  Miller, 
F.A.S.,  Gardener  to  the  Worshipful  Company  of  Apothecaries  at  Chelsea.  By  John  Rogers, 
Author  of  "  The  Fruit  Cultivator."  Fcp.  Svo.  7s.  cloth. 

ROME.-THE  HISTORY  OF  ROME. 

2  vols.  fcp.  Svo.  with  Vignette  Titles,  12s.  cloth. 

RONALDS.-THE  FLY-FISHER'S  ENTOMOLOGY, 

Illustrated  by  Coloured  Representations  of  the  Natural  and  Artificial  Insect ;  and  accompanied 
by  a  few  Observations  and  Instructions  relative  to  Trout  and  Grayling  Fishing.  By  Alfred 
Ronalds.   2d  Edition,  with  20  Copperplates,  coloured,  Svo.  14s.  cloth. 

ROSCOE.-LIVES  OF  EMINENT  BRITISH  LAWYERS. 

By  Henry  Roscoe,  Esq.   1  vol.  fcp.  Svo.  with  Vignette  Title,  6s.  cloth. 

SANDFORD.-LIVES  OF  ENGLISH  FEMALE  WORTHIES. 

By  Mrs.  John  Sandford.  Vol  1,  containing  the  Lives  of  Lady  Jane  Grey  and  Mrs.  Colonel 
Hutchinson,  fcp.  Svo.  6s.  6d.  cloth. 


26 


CATALOGUE  Oy  NEW  WORKS 


SANDrOKD.-WOMAN  IN  HER  SOCIAL  AND  DOMESTIC 

CHARACTER.  By  Mrs.  John  Sandford.  6th  Edition,  fcp.  8vo.  6s.  cloth. 
Causes  of  Female  Influence  j  Value  of  Letters  to  Woman;  Importance  of  Religion  to  Woman; 
Christianity  the  Source  of  Female  Excellence ;  Scripture  illustrative  of  Female  Character ; 
Female  Influence  on  Religion;  Female  Defects;  Female  Romance ;  Female  Education ;  Female 
Duties. 

SANDFOED.-EEMALE  IMPROVEMENT. 

By  Mrs.  John  Sandford.  2d  Edition,  fcp.  8vo.  7s.  6d.  cloth. 
The  Formation  of  Female  Character ;  Religiona  paramount  Object ;  the  Importanceof  Religious 
Knowledge;  Christianity,  Doctrinal  and  Practical ;  the  Employment  of  Time ;  Study,  its  Mode 
and  its  Recommendation;  Accomplishment;  Temper;  Taste;  Benevolence;  Marriage;  the 
Young  Wife ;  the  Young  Mother. 

SAVAGE.-A  DICTIONARY  OF  PRINTING. 

By  William  Savage,  Author  of  "  Practical  Hints  on  Decorative  Printing,"  and  a  Treatise 
"  On  the  Preparation  of  Printing  Ink,  both  Blaclc  and  Coloured."  In  1  vol.  8yo.  with  numerous 
Diagrams,  £1.  6s.  cloth. 

SCOTT.-THE  HISTORY  OF  SCOTLAND. 

By  Sir  Walter  Scott,  Bart.  New  edition.  2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 

SEAWARD.- SIR  EDWARD  SEAWARD'S  NARRATIVE  OF 

HIS  SHIPWRECK,  and  consequent  Discovery  of  certain  Islands  in  the  Caribbean  Sea :  with 
a  detail  of  many  extraordinary  and  highly  interesting  Events  in  his  Life,  from  1733  to  1749,  as 
written  in  his  own  Diary.  Edited  by  Miss  Jane  Porter.  3d  Edition,  with  a  New  Nautical 
and  Geographical  Introduction,  containing  Extracts  from  a  Paper  by  Mr.  C.  F.  Collett,  of  the 
Royal  Navy,  identifying  the  islands  described  by  Sir  E.  Seaward.  2  vols,  post  8vo.  21s.  cloth. 

SELECT  WORKS  OF  THE  BRITISH  POETS, 

From  Chaucer  to  Withers.  With  Biographical  Sketches,  by  R.  Southey,  LL.D.  1  vol.  8vo. 
30s.  cloth ;  with  gilt  edges,  31s.  6d. 

SELECT  WORKS  OF  THE  BRITISH  POETS, 

From  Ben  Jonson  to  Beattie.  With  Biographical  and  Critical  Prefaces,  by  Dr.  Ai kin. 
1  vol.  8vo.  18s.  cloth  ;  with  gilt  edges,  20s. 

' The  peculiar  feature  of  these  two  works  is,  that  the  Poems  included  are  printed  entire,  without  mutilation  or 
abridgment ;  care  being  taken  that  such  poems  only  are  included  as  are  fit  for  the  perusal  of  youth,  or  for  reading 
aloud. 

SHAKSPEARE,  BY  BOWDLER. 

THE  FAMILY  SHAKSPEARE;  in  which  nothing  is  added  to  the  Original  Text ;  but  those 
words  and  expressions  are  omitted  which  cannot  with  propriety  be  read  aloud.  By  T-  Bowdler, 
Esq.  F.R.S.  Seventh  Edition  (1839),  1  large  vol.  8vo.  with  36  Illustrations  after  Smirke,  &c. 
30s.  cloth  ;  or  31s.  6d.  gilt  edges. 

*»*  A  Library  Edition,  without  Illustrations,  8  vols.  8vo.       Us.  6d.  boards. 

SHELLEY,  &C.-LIVES  OF  THE  MOST  EMINENT  LITERARY 

MEN  OF  ITALY,  SPAIN,  and  PORTUGAL.  By  Mrs.  Shelley,  Sir  D.  Brewster, 
J.  Montgomery,  &c.  3  vols.  fcp.  Svo.  with  Vignette  Titles,  18s.  cloth. 

SHELLEY.-LIVES  OF  MOST  EMINENT  FRENCH  WRITERS. 

By  Mrs.  Shelley,  and  others.   2  vols.  fcp.  Svo.  with  Vignette  Titles,  12s.  cloth. 

SHORT  WHIST: 

Its  Rise,  Progress,  and  Laws  ;  with  observations  to  make  any  one  a  Whist  Player;  containing 
also  the  Laws  of  Piquet,  Cassino,  Ecart^,  Cribbage,  Backgammon.  By  Major  A  *  *  *  *  *. 
7th  Edition.  To  which  are  added,  Precepts  for  Tyros.  By  Mrs.  B  *  *  *  *  *.  Fcp.  Svo.  3s. 
cloth,  gilt  edges. 

SISMONDL-THE  HISTORY  OF  THE  ITALIAN  REPUBLICS ; 

Or,  of  the  Origin,  Progress,  and  Fall  of  Freedom  in  Italy,  from  a.d.  476  to  1805.  By  J.  C.  L. 
De  Sismondi.  2  vols.  fcp.  Svo.  with  Vignette  Titles,  12s.  cloth. 
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SISMONDI.-THE  HISTORY  OP  THE  FALL  OF  THE  ROMAN 

EMPIRE.  Comprising  a  View  of  the  Invasion  and  Settlement  of  the  Barbarians.  By  J.  C  L. 
De  Sismondi.   2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 

SMITH.-AN  INTRODUCTION  TO  THE  STUDY  OF  BOTANY. 

By  Sir  J.  E.  Smith,  late  President  of  the  Linnean  Society.  7th  Edition  (1833),  corrected ;  in 
which  the  object  of  Smith's  "  Grammar  of  Botany"  is  combined  with  that  of  the  "  Introduc- 
tion." By  Sir  William  Jackson  Hooker,  K.H.,  LL.D.,  &c.  1  vol.  8vo.  pp.  522,  36  Steel 
Plates,  16s.  cloth ;  with  the  Plates  coloured,  £2.  12s.  6d.  cloth. 


SMITH.-THE  ENGLISH  FLORA. 

By  Sir  James  Edward  Smith,  M.D.  F.R.S.,  late  President  of  the  Linnaean  Society,  &c. 

6  vols.  8vo.  ^6*3.  12s.  boards. 
Contents  :— Vols.  I.  to  IV.  the  Flowering  Plants  and  the  Ferns,  ^2.  8s. 
Vol.  V.  Part  1, 12s. — Cryptogamia  ;  comprising  the  Mosses,  Hepaticae,  Lichens,  Characeae, 

and  Algse.  By  Sir  W.  J.  Hooker. 
Vol.  V.  Part  2, 12s.— The  Fungi— completing  the  work,  by  Sir  J.  W.  Hooker,  and  the  Rev. 

M.  J.  Berkeley,  F.L.S.  &c. 

SMITH.-THE  WORKS  OF  THE  REV.  SYDNEY  SMITH. 

2d  Edition,  3  vols.  8vo.  with  Portrait,  pp.  1412,  36s.  cloth. 

This  collection  consists  of  the  author's  contributions  to  the  Edinburgh  Review,  Peter  Plymley's  Letters  on  the 
Catholics,  and  other  miscellaneous  works. 

SMITH.-LETTERS  ON  THE  SUBJECT  OF  THE  CATHOLICS, 

to  my  Brother  Abraham  who  lives  in  the  Country.  By  Peter  Plymley.  21st  Edition, 
post  8vo.  pp.  200,  7s.  cloth. 

SMITH.-THE  MEMOIRS  OF  THE  MARQUIS  DE  POMBAL. 

By  John  Smith,  Private  Secretary  to  the  Marquis  De  Saldana,  2  vols,  post  8vo.  with  Portrait 
and  Autographa,  21s.  cloth. 

These  Memoirs  of  this  illustrious  Portuguese  Statesman,  designated  by  his  countrymen  the  "  Great  M.tnQTJis," 
contain  details  of  the  terrible  earthquake  in  1755 — the  energy  of  Pombal  on  that  awful  occasion — the  establishment 
of  the  Oporto  "VVine  Company — the  Duke  of  Aveiro's  conspiracy — rupture  with  the  Court  of  Rome — strange  hallucina- 
tionsof  theJesuit  Malagrida — suppression  of  the  Jesuit  order  throughout  Europe  effected  by  Pombal's  energy  and 
address' — family  compact  and  war  with  France  and  Spain— extensive  reforms  and  flourishing  condition  of  Portugal — 
death  of  the  kmg — Pombal's  resignation,  examination,  sentence,  illness,  and  death.  The  whole  interspersed  with 
extracts  from  the  despatches  of  Mr.  Hay,  Lord  KinnouU,  Mr.  Walpole,  &c.  never  before  published. 

SMITH.-AN  INaUIRY  INTO  THE  NATURE  AND  CAUSES 

OF  THE  WEALTH  OF  NATIONS.  By  Adam  Smith,  LL.D.  With  a  Life  of  the  Author, 
an  Introductory  Discourse,  Notes,  and  Supplemental  Dissertations.  By  J.  R.  M'Culloch. 
New  Edition,  corrected  throughout,  and  greatly  enlarged,  8vo.  with  Portrait,  .s^l.  Is.  cloth. 

SOUTHEFS  (ROBERT)  POETICAL  WORKS. 

First  and  only  Complete  Edition  (1838-42).  Collected  and  edited  by  Mr.  Southey.  With 
Autobiographical  Prefaces.  10  Vols.  fcp.  8vo.  with  Portrait,  and  19  other  highly-finished 
Plates,  £2.  10s.  fancy  cloth ;  or  £i.  10s.  handsomely  bound  in  morocco,  with  gilt  edges. 

The  following  may  be  had,  separately,  in  cloth  :  — 


JOAN  of  ARC  1  vol.  5s. 

MADOC  1  vol.  5s. 

CURSE  of  KEHAMA   1  vol.  5s. 


THALABA  i  vol.  5s. 

BALLADS,  &c  2  vols.  10s. 

RODERICK  1  vol.  58. 


SOUTHEY,  &c. -LIVES  OF  THE  BRITISH  ADMIRALS; 

with  an  Introductory  View  of  the  Naval  History  of  England.  By  R.  Southey,  Esq.  and 
R.  Bell,  Esq.  5  vols.  fcp.  8vo.  with  Vignette  Titles,  £\.  10s.  cloth. 

SPACEMAN.- STATISTICAL  TABLES 

Of  the  Agriculture,  Shipping,  Colonies,  Manufactures,  Commerce,  and  Population  of  the 
United  Kingdom  of  Great  Britain  and  its  Dependencies,  brought  down  to  the  year  1843. 
Compiled  from  Official  Returns.   By  W.  F.  Spackman,  Esq.   Fcp.  8vo.  pp.  162,  5s.  cloth. 

SPIRIT  OF  THE  WOODS. 

By  the  Author  of  "  The  Moral  of  Flowers."  2d  Edition,  1  vol.  royal  8vo.  with  23  beautifully- 
coloured  Engravings  of  the  Forest  Trees  of  Great  Britain,  £\.  lis.  6d.  cloth. 
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SPOONER.-A  TREATISE  ON  THE  INFLUENZA  OF  HORSES. 

Showing  its  Nature,  Symptoms,  Causes,  and  Treatment;  embracing  the  subject  of  Epizooti 
Disease  generally.  By  W.  C.  Spooner,  M.R.V.C.  12mo.  pp.  118, 3s.  6(1.  cloth. 

SPOONER.-A  TREATISE  ON  THE  STRUCTURE,  FUNC- 

TIONS,  AND  DISEASES  of  the  FOOT  and  LEG  of  the  HORSE ;  comprehending  the 
Comparative  Anatomy  of  these  parts  in  other  Animals,  embracing  the  subject  of  Shoeing  and 
the  proper  Treatment  of  the  Foot;  with  the  Rationale  and  Effects  of  various  Important 
Operations,  and  the  best  methods  of  performing  them.  By  W.  C.  Spooner,  M.R.V.C. 
12mo.  pp.  398,  7s.  6d.  cloth. 

STEBBING.-THE  HISTORY  OF  THE  CHRISTIAN  CHURCH, 

from  its  Foundation  to  a.d.  1492.  By  the  Rev.  H.  Stebbing,  M.A.  &c.  2  vols.  fcp.  8vo. 
with  Vignette  Titles,  12s.  cloth. 

STEBBING.-THE  HISTORY  OF  THE  REFORMATION. 

By  the  Rev.  H.  Stebbing.  2  vols.  fcp.  8vo.  with  Vignette  Titles,  12s.  cloth. 

STEPHENS.-A  MANUAL  OF  BRITISH  COLEOPTERA; 

or,  BEETLES :  containing  a  Description  of  all  the  Species  of  Beetles  hitherto  ascertained  to 
inhabit  Great  Britain  and  Ireland,  &c.  With  a  Complete  Index  of  the  Genera.  By  J.  F. 
Stephens,  F.L.S.  Author  of  "  Illustrations  of  Entomology."   1  vol.  post  8vo.  14s.  cloth. 

STEEL'S  SHIPMASTER'S  ASSISTANT, 

And  OWNER'S  MANUAL ;  containing  Information  necessary  for  persons  connected  with 
Mercantile  Affairs ;  consisting  of  the  Regulation  Acts  of  the  Customs  for  the  United  King- 
dom, and  British  Possessions  abroad ;  Navigation  Laws ;  Registry  Acts  ;  Duties  of  Customs 
of  the  United  Kingdom,  the  British  Plantations  in  America,  Canada,  and  Isle  of  Man,  in  the 
East  Indies,  Cape  of  Good  Hope,  New  South  Wales,  and  Van  Dieman's  Land  ;  Smuggling 
Acts  ;  Pilotage  throughout  England  and  Scotland ;  Insurances  ;  Commercial  Treaties  ;  Dock 
Charges  on  Shipping,  &p.  New  Edition,  corrected  by  J.  Stikeman,  Secretary  to  the  East 
India  and  China  Association.  With  Tables  of  Monies,  Weights,  Measures,  and  Exchanges. 
By  Dr.  Kelly.  With  a  Supplement.   1  vol.  Svo.  £1.  Is.  cloth. 

STRONG.-GREECE  AS  A  KINGDOM : 

A  Statistical  Description  of  that  Country— its  Laws,  Commerce,  Resources,  Public  Institutions, 
Army,  Navy,  &c.— from  the  arrival  of  King  Otho,  in  1833,  down  to  the  present  time.  From 
Official  Documents  and  Authentic  Sources.  By  Frederick  Strong,  Esq.  Consul  at  Athens 
for  the  Kingdoms  of  Bavaria  and  Hanover.  Svo.  15s.  cloth. 

SUNDAY  LIBRARY : 

Containing  nearly  One  Hundred  Sermons  by  the  following  eminent  Divines.  With  Notes,  &c. 
by  the  Rev.  T.  F.  Dibdin,  D.D.  6  vols.  fcp.  Svo.  with  Six  Portraits,  30s.  cloth. 


Archbp.  Lawrence 

Bp.  Bloomfleld 
"  Gray 
"  Heber 
"  Hobart 
"  Home 
"  Horsley 


Bp.  Huntingford 

"  Maltby 

"  Mant 

"  Newton 

**  Porteus 

"  J.  B.  Sumner 
Van  Mildert 
Dean  Chandler 


Archdeacon  Narcs 
Pott 

Dr.  Blair 
"  Chalmers 
"  D'Oyly 
"  Paley 
"  Parr 

"  Shuttleworth 


Professor  White 
Rev.  Arch.  Alison 
"    C.  Benson 
"    Joshua  Gilpin 
"    G.  Hagi;itt 
"    Robert  kali 
"    J.  Hewlett 
*'    A.  Irvine 


Rev  W.  Jones  (of  Nayland) 

"  C.  W.  Le  Bas 

"  H.  H.  Milman 

"  R.  Morehead 

"  Thomas  Rennell 

"  J.  H.  Spry 

"  Sydney  Smith 

"  Thomas  Toivnson. 


SWAINSON.-A  PRELIMINARY  DISCOURSE    ON  THE 

STUDY  OF  NATURAL  HISTORY.  By  W.  Swainson,  Esq.   1  vol.  fcp.  Svo.  6s.  cloth. 

SWAINSON.-A  TREATISE  ON  THE  NATURAL  HISTORY 

AND  CLASSIFICATION  of  ANIMALS.  By  W.  Swainson,  Esq.  1  vol.  fcp.  Svo.  6s. 
cloth  lettered. 


SWAINSON.-NATURAL  HISTORY  AND  CLASSIFICATION 

OF  QUADRUPEDS.  By  W.  Swainson,  Esq.  1  vol.  fcp.  Svo.  with  vignette  title  and  176 
Woodcuts,  6s.  cloth. 

SWAINSON.-NATURAL  HISTORY  AND  CLASSIFICATION 

OF  BIRDS.  By  W.  Swainson,  Esq.  Fcp.  Svo.  Vignette  Titles  and  above  300  Woodcuts, 
12s.  cloth. 
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SWAINSON.-ANIMALS  IN  MENAGERIES. 

By  W.  SwAiNsoN,  Esq.   Fcp.Svo.  Vignette  Title  and  numerous  Woodcuts,  6s.  cloth  lettered. 

SWAINSON.-NATURAL  HISTORY  AND  CLASSIFICATION 

OF  FISH,  AMPHIBIANS,  AND  REPTILES.  By  W.  Swain  son,  Esq.  2  vols.  fcp.  8vo. 
with  numerous  Woodcuts  and  Vignette  Titles,  12s.  doth. 

S¥AINSON -HABITS  AND  INSTINCTS  OE  ANIMALS. 

By  W.  SwAiNSON,  Esq.   1  vol.  fcp.  8vo.  with  Vignette  and  numerous  Woodcuts,  6s.  cloth. 

SWAINSON.-A  TREATISE  ON  MALACOLOGY; 

Or,  the  Natural  Classification  of  Shells  and  Shell-fish.  By  W.  Swainson,  Esq.  1  vol.  fcp. 
8vo.  with  Vignette  Title  and  very  numerous  Illustrations  on  Wood,  6s.  cloth. 

S¥AINSON  AND  SHUCKARD.-HISTORY  AND  NATURAL 

ARRANGEMENT  OF  INSECTS.  By  W.  Swainson,  Esq.,  and  W.  E.  Shuckaed,  Esq. 
1  vol.  fcp.  8vo.  with  Vignette  Title  and  Woodcuts,  6s.  cloth. 

SWITZERLAND.-THE  HISTORY  OE  SWITZERLAND. 

1  vol.  fcp.  8vo.  with  Vignette  Title,  6s.  cloth. 

TATE.-THE  CONTINUOUS  HISTORY  OF  THE  LIFE  AND 

WRITINGS  OF  ST.  PAUL,  on  the  basis  of  the  Acts ;  with  Intercalary  Matter  of  Sacred 
Narrative,  supplied  from  the  Epistles,  and  elucidated  in  occasional  Dissertations :  with  the 
Horse  Paulinse  of  Dr.  Paley,  in  a  more  correct  edition,  subjoined.  By  James  Tate,  M-A. 
Canon  Residentiary  of  St.  Paul's.  8vo.  with  Map,  13s.  cloth. 

TATE.-HORATIUS  RESTITUTUS; 

Or,  the  Books  of  Horace  arranged  in  Chronological  Order,  according  to  the  Scheme  of  Dr. 
Bentley,  from  the  Text  of  Gesner,  corrected  and  improved.  M'ith  a  Preliminary  Dissertation, 
very  much  enlarged,  on  the  Chronology  of  the  Works,  on  the  Localities,  and  on  the  Life  and 
Character  of  that  Poet.  By  James  Tate,  M. A.  Second  Edition.  To  which  is  now  added, 
an  original  Treatise  on  the  Metres  of  Horace.  8vo.  12s.  cloth. 

TAXIDERMY; 

Or,  the  Art  of  Collecting,  Preparing,  and  Mounting  Objects  of  Natural  History.  For  the 
use  of  Museums  and  Travellers.  With  5  Plates,  5th  Edition,  12mo.  7s.  6d.  cloth. 

TAYLOR.-THE  STATESMAN. 

By  Henry  Taylor,  Esq.,  Author  of  "  Philip  Van  Artevelde."  12mo.  6s.  6d.  boards. 

THACKER.-THE  COURSER'S  ANNUAL  REMEMBRANCER, 

and  STUD-BOOK ;  being  an  Alphabetical  Return  of  the  Running  at  all  the  Public  Coursing 
Clubs  in  England,  Ireland,  and  Scotland,  for  the  Season  1841-42  ;  with  the  Pedigrees  (as  far 
as  received)  of  the  Dogs  that  won,  and  the  Dogs  that  ran  up  second  for  each  Prize  ;  also,  a 
Return  of  all  single  Matches  run  at  those  Meetings  ;  with  a  Preliminary  Essay  on  the  Decision 
of  Short  Courses.   By  T.  Thacker.  8vo.  10s.  cloth. 

THACKER.-A  POCKET   COMPENDIUM  OF  COURSING 

RULES  AND  BYE-LAWS,  for  Use  in  the  Field.   By  Thomas  Thacker.   Is.  6d.  sewed. 

THIRLWALL.-THE  HISTORY  OF  GREECE. 

By  the  Right  Rev.  the  Lord  Bishop  of  St.  David's.  Vols.  1  to  7,  fcp.  8vo.  with  Vignette 
Titles,  £1.  2s.  cloth. 

THOMSON.-THE  DOMESTIC  MANAGEMENT  OF  THE  SICK 

ROOM,  necessary,  in  Aid  of  Medical  Treatment,  for  the  Cure  of  Diseases.  By  Anthony 
Todd  Thomson,  M.D.  F.L.S.  &c.   1  vol.  post  8vo.  pp.  518, 10s.  6d.  cloth. 

THOMSON.-CHEMISTRY  OF  ANIMAL  BODIES. 

By  Thomas  Thomson,  M.D.  Regius  Professor  of  Chemistry  in  the  University  of  Glasgow. 
8vo.  16s.  cloth. 
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THOMSON'S  SEASONS. 

Edited  by  Bolton  Corney,  Esq.  Illustrated  with  Seventy-seven  Designs  drawn  on  Wood, 
by  the  following'  Members  of  the  Etching  Club  : — 

J,  Bell,  Sculptor,  J.  C.  Horsley,  Frank  Stone,  H.  J.  Townsend, 

C.  W.  Cope,  J.  P.  Knight,  C.  Stonhouse,  T.  Webster,  A.K.A. 

Thomas  Creswick,  R.  Redgrave,  A. R. A.  F.  Tayler, 

Engraved  by  Thompson  and  other  eminent  Engravers. 

Handsomely  printed  in  square  crown  8vo.  (1842),  pp.  336,  21s.  richly  bound  in  ultra-marine 
cloth  ;  in  morocco  in  the  best  manner  by  Hayday,  36s. 

*»*  A  few  copies  printed  on  prepared  paper  of  great  beauty,  forming  a  most  unique  book, 
£1.  2s.  in  ultra-marine  cloth ;  in  morocco  in  the  best  manner  by  Hayday,  £1.  17s. ;  or  in 
Russia,  £%. 

"  Few  works  of  the  class  have  a  fairer  prospect  of  popularity  than  this  new  edition  of  Thomson,  illustrated  by  the 
members  of  the  Etching  Club.  Most  of  the  designs  are  in  accordance  with  the  spirit  of  the  author, — some  of  them 
beautiful.  The  landscape  vignettes  contributed  by  Mr.  Cheswick  entitle  him  to  a  first  place  as  a  book-illustrator  ; 
exhibiting  a  versatility  of  talent  for  which  his  warmest  admirers  could  hitherto  have  hai-dly  ventured  to  give  him 
credit.  Mr.  F.  Tayleu  is  not  far  behind,  as  his  designs  at  pp.  11,  12,  and  26,  will  most  satisfactorily  prove  ;  and  he 
comes  one  step  nearer  historical  art  than  Mr.  Creswick,  in  right  of  his  clever  management  of  rustic  fi'gures.  Messrs. 
Cope,  Horsley,  Redghave,  and  Bei.l,  with  all  their  true  English  feeling,  and  the  grace  of  their  conceptions,  are  a 
degree  more  ambitious.  Mr.  Bell's  preparatory  outline  of  '  Spring '  gives  indications  of  grace,  poetry,  and  fancy, 
worthy  of  being  carried  to  the  highest  perfection.  This  book  is  DeautifuUy  brought  out ;  the  vignettes  are  from 
copper  blocks,  produced  by  the  electrotype  process.  This  gives  a  peculiarity  of  effect  to  the  impressions  more  easy  to 
perceive  than  to  describe.  Other  of  our  classical  poems  are  to  follow,  illustrated  in  a  similar  fashion.  Mr.  Boltom 
Cornet's  labours  are  not  the  less  to  be  commended  because  they  are  unobtrusive  :  the  work  is  extremely  well  edited, 
and  therefore  entitled  to  a  place  on  the  library  shelf  as  well  as  on  the  drawing-room  table." — ATHEN.ait;M. 

TOMLINS.-A  POPULAR  LAW  DICTIONARY; 

Familiarly  explaining  the  Terms  and  Nature  of  English  Law ;  adapted  to  the  comprehension 
of  persons  not  educated  for  the  legal  profession,  and  affording  information  peculiarly  useful 
to  Magistrates,  Merchants,  Parochial  Officers,  and  others.  By  Thomas  Edlyne  Tomlins, 
Attorney  and  Solicitor.   In  1  thick  vol.  post  8vo.  18s.  cloth. 

The  whole  work  has  been  revised  by  a  Barrister. 

TOOKE.-A  HISTORY  OF  PRICES ; 

With  reference  to  the  Causes  of  their  principal  Variations,  from  1792  to  the  Present  Time. 
Preceded  by  a  Sketch  of  the  History  of  the  Corn  Trade  in  the  last  Two  Centuries.  By  Thomas 
TooKE,  Esq.  F.R.S.   2  vols.  Svo.  £1. 16s.  cloth. 

{A  Continuation  of  the  Above.) 
AN  ACCOUNT  of  PRICES  and  of  the  State  of  the  CIRCULATION  in  1838  and  1839 ;  with 
Remarks  on  the  Corn  Laws,  and  on  proposed  Alterations  in  our  Banking  System.  8vo.  12s.  cloth. 

TRANSACTIONS  OF  THE  ENTOMOLOGICAL  SOCIETY. 

8vo.   The  last  part  published  is  Part  3  of  Vol.  3,  with  Plates,  4s.  6d. 

TRANSACTIONS   OF   THE   ZOOLOGICAL    SOCIETY  OF 

LONDON.  4to.  The  last  part  published  is  Part  1,  Vol.  3,  with  Plates,  14s.  coloured, 
and  12s.  plain. 

TRANSACTIONS  OF  THE  INSTITUTION  OF  CIVIL 

Engineers,  4to.   Vol.  II.  with  Twenty-three  finely  engraved  Plates,  28s.  cloth. 
Vol.  III.  with  Nineteen  finely  engraved  Plates,  £2. 12s.  6d.  cloth. 

TRANSACTIONS  OF  THE  ROYAL  INSTITUTE  OF  BRITISH 

ARCHITECTS  of  LONDON  :  consisting  of  a  series  of  Papers  on  "  Antiquities,"  and  "  Con- 
struction." By  R.  Willis,  M.A.  F.R.S.  &c. ;  Ambrose  Poynter;  Herr  Hallmann,  of  Han- 
over; Dr.  Faraday  ;  Mr.  Bracebridge;  Herr  Beuth,  of  Berlin  ;  Joseph  Gwilt,  F.S.A.  F.A.S. ; 
Mr.  C.  H.  Smith ;  Mr.  C.  Fowler,  Hon.  Sec. ;  Mr.  W.  A.  Nicholson,  of  Lincoln ;  and  Mr.  J.  P. 
Papworth.  Vol.  I.  Part  2, 4to.  with  numerous  lithographic  and  woodcut  illustrations,  24s.  cloth. 
*»*  Part  1,  Vol.  1.  uniform  with  the  above,  16s.  cloth. 

TRANSACTIONS  OF  THE  LINNEAN  SOCIETY  OF  LONDON. 

The  last  part  published  is  Part  I,  Vol.  XIX.   4to.  with  Plates,  18s. 

TURNER.-THE  SACRED  HISTORY  OF  THE  WORLD, 

Philosophically  considered.  By  Sharon  Turner,  F.S.A.  R.A.S.L.  New  Edit. 3  vols.  8vo.  42s. 

Vol.  1  considers  the  Creation  and  System  of  the  Earth,  and  of  its  Vegetable  and  Animal  Races 

and  Material  Laws,  and  Formation  of  Mankind. 
Vol.  2,  the  Divine  Economy  in  its  special  Relation  to  Mankind,  and  in  the  Deluge,  and  the 

History  of  Human  Affairs  ; 
Vol.  3,  the  Provisions  for  the  Perpetuation  and  Support  of  the  Human  Race,  the  Divine  System 

of  our  Social  Combinations,  and  the  Supernatural  History  of  the  World. 
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TURNER.-THE  HISTORY  OF  ENGLAND, 

From  the  Earliest  Period  to  the  Death  of  Elizabeth.  By  Sharon  Turnkr,  Esq.  F.A.S. 
R.A.S.L.    12  vols.  8vo.  £B.  3s.  cloth. 

Or  four  separate  portions,  as  follow  :— 

THE  HISTORY  of  the  ANGLO-SAXONS;  comprising  the  History  of  England  from  the 
Earliest  Period  to  the  Norman  Conquest.   6th  Edition,  3  vols.  8vo.  ^'2.  5s.  boards. 

THE  HISTORY  of  ENGLAND  during  the  MIDDLE  AGES;  comprising  the  Reigns  from 
William  the  Conqueror  to  the  Accession  of  Henry  VIII.,  and  also  the  History  of  the  Litera- 
ture, Religion,  Poetry,  and  Progress  of  the  Reformation  and  of  the  Language  during  that 
period.   3d  Edition,  5  vols.  8vo.  £Z,  boards. 

THE  HISTORY  of  the  REIGN  of  HENRY  VIII. ;  comprising  the  Political  History  of  the 
commencement  of  the  English  Reformation :  being  the  First  Part  of  the  Modern  History  of 
England.   3d  Edition,  2  vols.  8vo.  26s.  bds. 

THE  HISTORY  of  the  REIGNS  of  EDWARD  VI.,  MARY,  and  ELIZABETH ;  being  the 
Second  Part  of  the  Modern  History  of  England.   3d  Edition,  2  vols.  8vo.  32s.  boards. 

TURNER.-A  TREATISE  ON  THE  FOOT  OF  THE  HORSE, 

And  a  New  System  of  Shoeing,  by  one-sided  nailing ;  and  on  the  Nature,  Origin,  and  Symptoms 
of  the  Navicular  Joint  Lameness,  with  Preventive  and  Curative  Treatment.  By  James 
Turner,  M.R.V.C.    Royal  Svo.  pp.  118,  7s.  6d.  boards. 

TURTON'S  (DR.)  MANUAL  OF  THE  LAND  AND  FRESH- 

WATER  SHELLS  of  the  BRITISH  ISLANDS.  A  New  Edition,  thoroughly  revised  and  with 
considerable  Additions.  By  John  Edward  Gray,  Keeper  of  the  Zoological  Collection  in 
the  British  Museum.   1  vol.  post  8vo.  with  Woodcuts,  and  12  Coloured  Plates,  13s.  cloth. 

URE.-DICTIONARY  OF  ARTS,  MANUFACTURES,  &  MINES ; 

Containing  a  clear  Exposition  of  their  Principles  and  Practice.  By  Andrew  Ure,  M.D. 
F.R.S.  M.G.S.  &c.   One  thick  vol,  Svo.  A  New  Edition  is  just  ready. 

WALKER-BRITISH  ATLAS  OF  FORTY-SEVEN  MAPS, 

CAREFULLY  COLOURED;  comprising  separate  Maps  of  every  County  in  England,  each 
Riding  in  Yorkshire,  and  North  and  South  Wales;  showing  the  Roads,  Railways,  Canals, 
Parks,  Boundaries  of  Boroughs,  Places  of  Election,  Polling  Places,  &c.  Compiled  from  the 
Maps  of  the  Board  of  Ordnance  and  other  Trigonometrical  Surveys.  By  J.  and  C.  Walker. 
Imperial  4to.  coloured,  Three  Guineas,  half-bound ;  large  paper.  Four  Guineas,  half-bound. 
*»*  Each  County  may  be  had  separately,  in  case,  2s.  6d. 

WALTZINa-REEORM  YOUR  WALTZING.    THE  TRUE 

THEORY  of  the  RHENISH  or  SPANISH  WALTZ,  and  of  the  German  Waltz,  a  Deux  Temps, 
analysed  and  explained  for  the  first  time.  By  An  Amateur.  Fcp.  Svo.  uniform  with  "  Hints 
on  Etiquette,"  price  Half-a-Crown. 

The  Figure  of  8  in  both  these  Waltzes  on  an  entirely  new  principle. 

*  t*  Waltzing  is  the  art  of  a  gentleman,  and  never  yet  was  taught  or  understood  by  a  dancing- master. 

"  The  author  of  these  amusing  hints  cannot  be  a  more  enthusiastic  admirer  of  waltzing  than  vifi  are.  It  was  a 
source  of  enjoyment  to  us  in  the^land  of  its  legitimiite  home  for  many  a  year  in  the  days  of  yore  ;  but, '  h61as,  ils  sont 
passees  ces  jours  de  fdte!'  we  are  now  too  old  and  rheumatic  to  be  able  to  indulge  in  such  pastimes.  Those  of  our 
readers,  however,  who  are  younger  and  more  active  than  ourselves,  and  who  wish  to  know  what  real  waltzing  actually 
means,  cannot  do  better  than'benefit  by  the  system  laid  down  and  recommended  for  adoption  by  *  An  Amateur/ 
whose  remarks  are  well  calculated  to  prove  serviceable  to  the  uninitiated." — Umited  Service  Gazette. 

¥ARDLA¥.-SERMONS, 

By  Dr.  Wardlaw.   Svo.  12s.  boards. 

WARDLAW.-DISCOURSES  ON  THE  PRINCIPAL  POINTS 

OF  THE  SOCINIAN  CONTROVERSY— the  Unity  of  God,  and  the  Trinity  of  Persons  in  the 
Godhead ;  the  Supreme  Divinity  of  Jesus  Christ ;  the  Doctrine  of  the  Atonement ;  the  Christian 
Character,  &c.   By  Ralph  Wardlaw,  D.D.  5th  Edition,  Svo.  15s.  cloth. 

WATERTON -ESSAYS  ON  NATURAL  HISTORY, 

Chiefly  Ornitholog-y.  By  Charles  Waterton,  Esq.,  Author  of  "Wanderings  in  South 
America."  With  an  Autobiography  of  the  Author,  and  a  view  of  Walton  Hall.  Third 
Edition,  fcp.  Svo.  8s.  cloth. 
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¥ATHEN.-ARTS,  ANTiaUITIES,  AND  CHRONOLOGY^  OF 

ANCIENT  EGYPT,  from  Personal  Observations.  By  G.  H.  Wathen,  Architect.  With 
Illustrations  from  Original  Sketches  by  the  Author.  Royal  8vo.  with  Plates  and  Wooodcuts, 
16s.  cloth. 

"  A  clever  and  lively  contribution  to  the  chronology  and  arts  of  ancient  Egypt,  the  result  of  a  professionalal  visit  to 
her  land,  made  by  an  enthusiastic  student  of  her  history  well  qualified  to  explore  her  remains."— Spectatokji. 


WESTWOOD.-INTRODrCTION  TO  THE  MODERN  CLA^SSI- 

FICATION  OF  INSECTS;  comprising  an  Account  of  the  Habits  and  Transformationss  of  the 
different  Families ;  a  Synopsis  of  all  the  British,  and  a  Notice  of  the  more  remarkable  FForeign 
Genera.  By  J.  O.  Westwood,  Sec.  Ent.  Soc.  London,  F.L.S.,  &c.  2  vols,  illustrateed  with 
above  150  Woodcuts,  comprising  about  2500  distinct  Figures,  £2.  7s.  cloth. 

WHITE'S  COMPENDIUM  OF  THE  YETERINARY  ART;; 

Contaming  Plain  and  Concise  Observations  on  the  Construction  and  Management  of  the 
Stable ;  a  brief  and  popular  Outline  of  the  Structure  and  Economy  of  the  Horse  ;  the  NNature, 
Symptoms,  and  Treatment  of  the  Diseases  and  Accidents  to  which  the  Horse  is  liablile ;  the 
best  method  of  performing  various  Important  Operations ;  with  Advice  to  the  Purchaasers  of 
Horses ;  and  a  copious  Materia  Medica  and  Pharmacopoeia.  17th  Edition,  entirely  recon- 
structedjwith  considerable  Additions  and  Alterations,  bringing  the  work  up  to  the  presennt  state 
of  Veterinary  Science.  By  W.  C.  Spooner,  Veterinary  Surgeon,  &c.  &c.  8vo.  pp.  5888,  with 
coloured  Plate,  16s.  cloth.   London,  1842. 

WHITE'S  COMPENDIUM  OF  CATTLE  MEDICINE; 

Or,  Practical  Observations  on  the  Disorders  of  Cattle  and  other  Domestic  Animals,  i  except 
the  Horse.  6th  Edition,  re-arranged,  with  copious  Additions  and  Notes,  by  W.  C.  Spoooner, 
Vet.  Surgeon,  Author  of  a  "Treatise  on  the  Influenza,"  and  a  " Treatise  on  the  Fooot  and 
Leg  of  the  Horse,"  &c.  8vo.  9s.  cloth. 

WHITE.-THE  GOSPEL  PROMOTIYE  OF  TRUE  HAPPINIESS. 

By  the  Rev.  Hugh  White,  M.A.   12mo.  6s.  cloth. 

WILKINSON.-THE  ENGINES  OF  WAR,  &c. 

Being  a  History  of  Ancient  and  Modern  Projectile  Instruments  and  Engines  of  Warfanre  and 
Sporting;  including  the  Manufacture  of  Fire  Arms,  the  History  and  Manufacture  of'f  Gun- 
powder, of  Swords,  and  of  the  cause  of  the  Damascus  Figure  in  Sword  Blades,  withh  some 
Observations  on  Bronze :  to  which  are  added.  Remarks  on  some  Peculiarities  of  Iron,  a  and  on 
the  Extraordinary  Effect  produced  by  the  Action  of  Sea-water  on  Cast  Iron ;  with  Det;tails  of 
various  Miscellaneous  Experiments.   By  H.  Wilkinson,  M.R.A.S.   1  vol.  8vo.  9s.  cldoth. 

WOOD.-A  PRACTICAL  TREATISE  ON  RAILROADS,  mj) 

INTERIOR  COMMUNICATION  in  GENERAL;  containing  numerous  Experimennts  on 
the  Powers  of  the  Improved  Locomotive  Engines,  and  Tables  of  the  comparative  Cost  oof  Con- 
veyance on  Canals,  Railways,  and  Turnpike  Roads.  By  Nicholas  Wood,  Colliery  VViewer, 
Memb.  Inst.  Civ.  Eng.  &c.  Third  edition,  very  greatly  enlarged,  with  13  large  Plateies,  and 
several  new  Woodcuts.  ^1.  lis.  6d.  cloth. 

YOUNG  LADIES'  BOOK  (THE) : 

A  Manual  of  Elegant  Recreations,  Exercises,  and  Pursuits.  4th  Edition,  with  nunmerons 
beautifully  executed  Engravings  on  Wood.  ^1.  Is.  elegantly  bound  in  crimson  silk,lineed  with 
imitation  of  Mechlin  lace. 


Recently  published,  • 
Octavo,  price  Half-a-Crown,  boards,  the  New  Edition  of  Messrs.  Longman  and  CcVs 

<BtmxK\  Catalogue 

Of  WORKS  in  all  departments  of  ENGLISH  LITERATURE,  Classified,  with  a  ggeneral 
alphabetical  Index.   With  the  necessary  Corrections  and  Additions  to  March  1843.;. 

Also,  Hvo.  Gratis, 

MESSRS.  LONGMAN  &  CO.'S  CATALOGUE  of  OLD  BOOKS  for  1843, 
containing  various  Works  in  General  Literature ;  besides  Bolandus,  Acta  Sanctorum,  533  vols, 
fol.  — Baronii  Annales  Sacri  et  Ecclesiastici,  42  vols.  fol.  large  paper  — Labbei  et  CColeti 
Sacramenta  Consilia  ad  Regiam,  23  vols,  fol.— Piranesi,  Opere,  25  vols,  fol.— Descriptition  de 
I'Egypte,  par  ordre  de  Napoleon,  23  vols.  fol.  papier  vdlin—&c.  &c. 
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